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ABSTRACT 


Surficial  deposih  in  the  Devon  area  ere  underlain  by  Interbedded  shales, 
sandstones,  and  coal  seams  of  the  Upper  Cretaceous  Edmonton  Formation.  Medium 
to  very  fine  sands  of  Unit  A  are  the  oldest  sediments  overlying  bedrock.  The  sands, 
known  geologically  as  the  Saskatcliewan  gravels  and  sands,  are  up  to  80  feet  thick 
In  deep  valleys  cut  Into  the  bedrock.  Till  of  Unit  D  overlies  the  sands  of  Unit  A  and 
bedrock  where  the  sands  are  absent.  The  till  Is  missing  In  some  areas  and  ranges 
from  a  few  feel  up  to  30  feet  thick  where  It  Is  present.  Glaclof luvlal  gravels,  sand, 
and  silt  of  Unit  C  overlie  the  till.  These  deposits  are  widespread  and  range  from  a 
fev/  feet  to  40  feet  thicko  Unit  C  Is  overlain  by  a  second  till  deposll,  Unit  D.  This 
tin  Is  missing  In  some  places,  Is  thin  over  liigh  areas  on  the  bedrock  surface,  and  up 
to  25  feet  thick  over  the  lows  on  thvC  bedrock  surface.  The  till  of  Unit  D  Is  overlain 
by  sediments  of  Unit  E,  predominantly  very  well-bedded  g laclolacustrl ne  sands,  slits, 
and  clays  of  glacial  Lake  Edmonton,,  These  sediments  are  Increasingly  and  progres¬ 
sively  coarser  from  the  base  of  the  unit  to  the  top.  Unit  E  Is  v/Idespread  and  ranges 
from  20  to  80  feet  thick.  Aeolian  sands  of  Unit  F  overlie  deposits  of  Unit  E  and 
cover  about  tv/o-tlilrds  of  the  area.  Sand  deposits  of  large  dunes  exceed  30  feet  In 
thickness. 

Four  chemical  types  of  groundv/ater  occur  In  the  surficial  deposits  and 
bedrock:  Type  I  Isa  calclum-magneslum-bicarbonate  water.  Type  2  Is  a  calclum- 
magnesl  urn-blcarbonate-su  I  fate  v/ater.  Type  3  Is  a  scdlum-potasslum-calclum- 
magnesl um-bicarbonate  water,  and  Type  4  Is  a  sodlum-potasslurn-bl carbonate  water. 
The  four  types  of  v/ater  are  all  suitable  for  human  consumption.  Aquifers  In  Units  E 
and  F  contain  Types  1,  2,  end  3  water  but  the  last  type  Is  found  mainly  In  a  norrow 
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zone  paralleling  ihe  river.  In  Unit-  C,  Type  1  and  Type  4  Vv'arers  are  present.  Type  1 
is  found  most  commonly  in  a  narrow  zone  along  the  river  and  Type  4  is  found  north  of 
the  zone  of  Type  1  water.  Aquifers  in  Unit  A  and  the  bedrock  contain  Type  4  v/ater. 

The  dune  field  as  a  whole  is  a  recharge  area  with  a  discharge  area  occupy¬ 
ing  a  narrow  zone  paralleling  the  North  Saskatchewan  River  valley.  Many  smaller, 
shallower  flow  systems  are  present  with  dunes  as  recharge  oreas  and  interdune  lows  as 
discharge  areas.  A  recharge  area  interfingers  with  the  discharge  area  of  the  dune 
field  in  a  zone  paralleling  the  river.  This  recharge  area  probably  results  from  the 
downward  flow  of  groundwater  in  the  area  adjacent  to  the  top  of  the  river  valley  v/all 
due  to  the  influence  of  the  North  Saskatchewan  River  valley.  Type  4  water  in  Unit  A 
and  bedrock  aquifers  likely  belongs  to  a  long  or  regional  flow  system. 

Sands  of  Unit  A  in  the  buried  valleys  are  the  best  aquifers  in  the  area.  A 
test  well  completed  in  the  sands  in  the  NVV  1/4,  Sec,  36,  Tp.  51,  R.  26,  could  be 
pumped  continuously  for  a  20-year  period  at  82  imperial  gallons  per  minute  without 
drav/ing  the  v/ater  level  in  the  well  below  the  top  of  the  aquifer.  The  soi'ids  of  this 
aquifer  are  usually  found  at  depths  of  more  than  100  feet.  The  more  permeable  sand 
aquifers  in  glaciofiuvia  1  sands  of  Unit  C  will  yield  5  to  15  gallons  per  minute  to  v/ells. 
These  aquifers  are  found  at  depths  ranging  from  50  to  150  feet.  The  poorest  aquifers 
are  found  in  Units  E  and  F  at  depths  of  less  than  50  feet.  Wells  completed  in  these 
aquifers  wi  11  yield  up  to  5  gal  Ions  per  minute  but  long  periods  of  pumping  wi  II  prob¬ 
ably  result  in  aquifer  depletion.  Water  levels  in  wells  completed  in  these  aquifers 
fluctuated  noticeably  with  periods  of  heavy  rainfall  and  with  the  seasons. 
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INTRODUCTION 
Location  and  Extent  of  Area 

The  area  of  study  (Fig.  1)  is  located  southwest  of  the  city  of  Edmonton, 
Alberta,  and  includes  Tp.  51,  R.  26,  W.  4  and  portions  of  the  adjacent  tcv/nships. 
Th  e  area  extends  over  approximately  70  square  miles  and  is  located  north  of  the 
North  Saskatchewan  River.  The  investigations  of  the  geology  and  hydrogeology 
were  concentrated  in  Tp.  51,  R.  26,  W.  4.  The  North  Saskatchewan  River  section 
mapped  during  the  study  is  located  in  the  NW  l/4.  Sec.  36,  Tp.  50,  R.  26,  W.  4, 
on  the  south  side  of  the  river. 

Physiography 

Th  e  area  is  characterized  by  sand  dunes.  Bayrock  and  Hughes  (1962) 
described  the  dunes  as  foliov/s: 

"The  dunes  are  closely  spaced  in  township  51,  range  26,  v/ith 
small  lakes  and  swamps  commonly  occupying  the  inter-dune  areas.  The 
dunes  are  longitudinal  (linear)  ond  parabolic  (U-shaped);  the  parabolic, 
dunes  are  concentrated  near  the  central  part  of  the  dune  area  and  the 
longitudinal  dunes  along  the  noriheast  boundaiy.  Fev/  of  the  dunes  ex¬ 
ceed  40  feet  in  height;  some  longitudinal  dunes  attain  a  length  of  over 
two  miles, " 

Elevations  in  the  map-area  range  from  2,325  feet  above  mean  sea  level 
in  the  northv/est  to  2,250  feet  along  the  top  of  the  North  Saskatchewan  River  val¬ 
ley  wall.  The  river  bed  has  an  elevation  of  less  than  2,075  feet. 

The  North  Saskatchewan  River  traverses  the  southern  and  eastern  mar¬ 
gins  of  the  area.  Tribularies  are  short  and  deeply  incised.  Drainage  over  the 
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majority  of  the  area  is  internal,  particularly  in  the  dune  region. 

Climate 

The  climate  of  the  Edmonton  district  is  dry,  subhumid,  continenlal  accord 
ing  to  Thorn thwa i te 's  (1948)  classification  as  calculated  by  the  v/riter.  Meteorolo¬ 
gical  data  for  the  city  of  Edmonton  for  the  period  1881-1964  give  an  annual  average 
temperature  of  36.9°F,  an  average  annual  precipitation  of  18.64  inches,  and  an 
average  v/ind  velocity  of  8.9  miles  per  hour. 

Population  and  Industry 

The  area  is  populated  by  farmers  and  by  people  who  are  employed  in  the 
nearby  city  of  Edmonton.  Part  of  tlie  Leduc-V/oodbend  oil  field  is  in  the  area  and 
provides  local  employment  opportunities.  Groundv/ater  development  to  date  has 
been  almost  entirely  for  domestic  use  and  stock-watering  purposes. 

Purpose  of  Study 

The  study  initially  v/as  for  the  purpose  of  locating  a  buried  valley  evident 
on  an  early  map  of  the  bedrock  topography  drawn  by  Carlson  (1967)  and  for  determin 
ing  the  nature  of  materials  filling  the  valley.  If  the  materials  constituted  a  major 
potential  aquifer  a  pumping  test  on  a  v/ell  completed  in  the  materials  was  planned. 

Subsequent  exploration  by  test  drilling  proved  the  existence  of  a  major 
buried-va  1  ley  type  aquifer  and  the  pumping  test  program  was  carried  out.  Supple¬ 
mentary  information  about  groundwater  quality  and  other  aquifers  in  the  area  was 
also  obtained  in  order  to  discuss  the  groundwater  resources  in  more  detail.  Useful 
data  related  to  the  stratigraphy  of  the  surficial  deposits  in  the  area  were  found  to 
be  very  sparse  and  consequently  a  program  was  undertoken  to  establish  the  sequence 
and  nature  of  surficial  deposits  and  to  further  investigate  the  groundwater  resources 
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in  the  area. 

The  culmination  of  this  work  presented  in.  this  thesis  Is  a  discussion  of  the 
groundwater  resources  within  the  framework  of  the  surficial  deposits  and  an  evalu¬ 
ation  of  the  major  buried  volley  aquifer  In  the  area. 

Methods  of  Investigation 

The  geological  and  groundwater  studies  were  predominantly  subsurface 
investigations  accomplished  by  the  use  of  rotary  and  cable-tool  drilling  rigs.  Water 
samples  for  chemical  analysis  were  taken  from  existing  v/ater  wells  and  from  test 
holes  drilled  In  the  area.  Samples  of  the  surficial  deposits  v/ere  taken  from  each 
test  hole  for  detailed  analysis.  A  section  of  exposed  surficial  deposits  In  the  North 
Saskatchewan  River  valley  v/as  also  described  and  sampled.  The  section  contained 
representative  units  of  all  the  deposits  encountered  during  test  drilling.  Evaluation 
of  the  major  aquifer  In  the  surficial  deposits  was  done  by  means  of  a  pumping  test. 

Previous  Investigations 

A  number  of  published  reports  refer  to  brood  aspects  cf  the  geology  in  the 
study  area  but  only  detailed  reports  of  the  geology  and  groundwater  resources  of  the 
area  are  discussed  here.  Bayrock  and  Hughes  (1962)  mapped  the  surficial  geology  of 
the  Edmonton  district.  The  charocteristics  and  origin  of  the  deposits  in  the  district 
were  discussed  in  detail.  Figure  2  is  a  partial  reproduction  of  Bayrock  and  Hughes' 
map  of  the  surficial  geology  in  the  area  of  the  present  study.  Farvolden  (1963a) 
showed  the  location  of  major  valleys  on  the  bedrock  surface  In  the  Edmonton-Red 
Deer  map-area  using  subsurface  and  surface  data.  Farvolden  (1963b)  also  described 
the  development  of  the  bedrock  surface  and  described  the  pattern  of  the  various  val¬ 
ley  systems  on  the  bedrock  surface  of  the  south  half  of  the  province.  The  detailed 
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drainage  pattern  on  the  bedrock  surface  in  the  Edmonton  district  was  shown  on  a  bed¬ 
rock  topograpliic  map  with  a  25-foot  contour  interval  by  Carlson  (1967).  Carlson 
also  outlined  areas  of  thick  sand  and/or  grave!  in  the  surficia!  deposiis  that  v/ar- 
ranted  exploration  as  possible  sources  of  groundwater.  The  bedrock  topographic  map 
in  the  area  of  study  has  been  reproduced  in  figure  3.  information  obtained  by  the 
writer  for  test  holes  65-1,  65-2,  65-3,  EPl,  EP2,  and  EPS  was  used  in  drawing  the 
bedrock  contours.  C^omenico  (1963)  studied  the  geology  and  groundwater  hydrology 
of  the  Edmonton  Formation  in  the  Edmonton  district. 
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PLEISTOCENE  AND  RECENT  EPOCHS 

Early  North  Saskatchewon  River  oltuvium;  mainly  sand,  minor  pockets  of  coorse  sand  ond  gravel. 
1— ,  ■  ■]  Locustrine  (lake)  sand;  mainly  impure  sand  (sond  with  silt  and  clay);  ossocioted  with 
f  I  finol  stoges  of  Loke  Edmonton  and  overlying  Lake  Edmonton  sediments. 
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Figure  2.  Map  of  surficial  geology  (after  Bayrock  and  Hughes,  1962) 
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Figure  3.  Map  of  bedrock  topography  (after  Carlson,  1967) 
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GEOLOGY 
Field  lechniques 

A  cable-tool  rig  v/as  used  for  exploration  test  drilling.  Samples  of  surfi- 
cia!  deposits  were  obtained  by  two  methods  during  test  drilling.  The  first  method 
was  the  col  lection  of  dri  1 1  cuttings  duri ng  the  normal  dri  1 1  ing-bai li ng  of  cuttings 
cycle  in  cable-tool  drilling.  To  insure  that  unmixed,  representative  samples  of  the 
deposits  were  obtained,  casing  was  installed  and  driven  frequently  so  that  only  a 
short  interval  of  the  test  hole  was  uncased  at  any  one  time.  An  effective  seal  be¬ 
tween  the  casing  and  the  test-hole  wall  was  obiained  by  using  casing  with  a  diameter 
slightly  larger  than  that  of  the  test  hole.  Casing  was  often  driven  a  few  feet  deeper 
than  the  bottom  of  the  test  hole  in  sandy  material  and  drilling  was  done  inside  the 
casing.  Gravel  and  sand  or  material  v/ivh  a  high  moisture  content  were  usually 
sampled  by  this  method. 

The  second  method  of  sampling  was  executed  with  a  5  inch  O.  D.  drive 
sampler  (Plate  la)  with  an  extraction  plunger  operated  by  a  hook  device  v/hich  was 
placed  on  top  of  the  plunger  through  a  slot  in  the  side  of  the  sampler.  Drilling  v/as 
effioiently  aooornplished  v/ith  this  device  as  well  as  sampling.  Bulk  samples  of 
material  with  low  moisture  contents  could  be  obtained  with  the  sampler.  The  mater¬ 
ials  which  could  be  sampled  included  till,  silty  sand  deposits,  silts  and  clays,  and 
bedrock  deposits.  Examples  of  core  samples  are  illustrated  in  Plate  lb. 

The  method  of  sampling  often  depended  on  whether  the  drilling  bit  or 
drive  sampler  was  being  used  for  drilling. 

Samples  of  bedrock  material  and  the  lower  three  parts  of  the  surficial 
deposits  were  predominantly  drill  cuttings.  Bulk  samples  of  the  upper  three  parts  of 
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the  surficia!  deposits  were  taken  with  the  drive  sampler. 

The  samples  were  described  In  the  field  ot  the  time  of  dri  I  ling  and  a  log 
of  each  test  hole  prepared.  The  color  of  wet,  unoxIdIzed  samples  was  described  by 
comparing  the  samples  v/Ith  a  Munsell  rock-color  chart.  The  logs  for  test  holes 
drilled  during  the  geological  Investigations  and  other  logs  discussed  In  ttie  thesis 
are  found  In  Appendix  C. 

Sand  filling  burled  valleys  had  a  tendency  to  heave  up  the  drill  hole  as 
the  head  of  water  in  the  hole  was  lowered  by  balling.  To  prevent  this  the  pressure 
head  for  groundwater  In  the  aquifer  was  maintolned  by  adding  water  to  the  drill 
hole  during  ballingo  This  procedure  made  It  possible  to  sample  the  sand  in  the  nor¬ 
mal  manner. 

One  purpose  of  the  drilling  program  during  the  summer  of  1967  was  to 
sample  the  groundwater  at  various  depth  Intervals  below  surface  to  determine  the 
change  In  water  quality  with  depth.  To  assure  that  the  groundwater  samples  v/ere 
representative  of  the  depth  Interval  sampled  the  m.Inimum  amount  of  drilling  fluid 
(surface  water)  necessary  to  drill  was  used.  Drilling  with  the  drive  sampler  re¬ 
quired  little  or  no  drilling  fluid.  Samples  of  water  from  v/ater-bearlng  beds  were 
obtained  after  the  hole  was  balled  dry  and  the  water  level  allowed  to  recover  for 
30  minutes.  It  v/as  usually  necessary  to  filter  sediment  from  water  samples  before 
chemical  analysis. 

Test  holes  were  located  so  that  a  north-south  and  an  east-west  cross  sec¬ 
tion  of  the  surficial  deposits  could  be  explored.  The  locations  of  test  holes  drilled 
by  the  writer  and  other  test  holes  are  shown  In  figure  4.  Geologic  cross  sections, 
grapl'ilc  logs  of  test  holes,  and  resistivity  logs  are  Illustrated  In  figures  5,  6,  and  7. 
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Figure  4.  Locations  of  test  holes,  geologic  cross  sections,  and  buried  valley 
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Figure  5.  Geologic  cross  sccflon  and  graplilc  logs  of  tesf  holes 
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A  section  of  surficia!  deposits  exposed  along  the  North  Saskatchewan 
River  was  described  and  sampled  using  standard  stratigraphic  techniques.  The 
location  is  shown  on  figure  4.  This  outcrop  was  selected  for  study  after  completion 
of  the  test  drilling  because  it  contained  the  complete  sequence  of  deposits  encoun¬ 
tered  in  test  holes  drilled  in  the  area.  Graphic  logs  of  the  North  Saskatchewan 
River  section  ore  shown  on  figure  8. 

The  surficia!  deposits  v/ere  divided  into  six  units  designated  by  the  letters 
A  to  F.  The  Units  are  essentially  rock  stratigraphic  units.  Unit  A  is  the  oldest  de¬ 
posit  overlying  bedrock  rnatei'ial  and  Unit  F  is  the  youngest.  A  view  of  the  outcrop 
(Plate  2a)  shows  the  stratigraphic  positions  of  the  uni^s  of  the  surficial  deposits. 

Laboratory  Analysis 

The  color,  texture,  and  carbonate  content  of  selected  samples  of  each 
unit  v/ere  determined  in  the  laboratory.  The  pebble  composition  of  bulk  samples  of 
till  in  Unit  D  was  also  determined  and  is  summarized  in  Appendix  E, 

The  color  of  dry,  oxidized  saniples  of  the  surficia!  deposits  was  established 
in  addition  to  field  determinations  of  the  color  of  wet,  unoxIdized  samples  which  are 
described  in  Appendix  C  for  the  lest  holes  drUled  in  1967. 

Grain  size  analysis  of  riiaterlal  consisting  of  a  high  percentage  of  cloy 
was  done  by  the  hydrometer  method  following  a  procedure  based  on  A.S.T.M,  stan¬ 
dards  (1964)  and  used  by  the  Department  of  Geology,  University  of  Alberta.  The 
grain  size  distribution  of  sands  v/as  determined  by  sieve  analysis  using  standard  U,S. 
sieve  sizes.  Hydrom.eter  and  sieve  analyses  are  found  in  Appendices  A  and  B,  respec¬ 
tively.  The  grain  size  distribution  of  deposits  in  Units  B,  D,  E,  and  F  is  plotted  for 
the  North  Saskatchewan  River  section  and  for  each  test  hole  drilled  in  1967,  so  that 
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the  texture!  characteristics  and  relationships  of  the  deposits  con  be  seen  more  clear¬ 
ly.  This  information  is  represented  in  figures  13  to  21.  The  range  of  grain  size 
distributions  for  samples  in  Units  A  and  C  is  plotted  on  figures  9  and  22,  respec¬ 
tively. 

Statislical  parameters  of  grain  size  described  by  Folk  (1959)  were  calcu¬ 
lated  for  the  surficiai  deposits.  The  properties  of  sedirnenis  in  each  unit  of  the  sur- 
ficia!  deposits  are  described  by  comparing  grain  size  parameters  determined  in  the 
laboratory  with  scales  of  values  for  the  parameters  given  by  Folk.  Definitions  of 
the  statistical  parameters,  scales  of  values,  and  determined  grain  size  parameters  for 
the  units  of  the  surficiai  deposits  are  tabulated  in  Appendix  F). 

Carbonate  content  of  the  surficiai  deposits  (-200  mesh)  was  measured 
using  the  gasometric  Chittick  device  and  following  the  procedure  outlined  by 
Dreirnanis  (1962)^  Percentage  values  of  carbonate  present  in  the  various  units  are 
listed  in  Appendix  F. 

Bedrock  Deposits 

The  surficiai  deposits  in  the  area  are  underlain  by  Upper  Cretaceous 
Edmonton  Formation.  Ower  (1958)  divided  the  Edmonton  Formation  into  five  mem¬ 
bers  of  v/hich  the  lov/est  member  subcrops  in  the  area,  ’this  member  consists  of  alter¬ 
nating  bentonitic,  carbonaceous  shales  and  light  grey  salt  and  pepper  sandstones. 
Ironstone  bands  and  concretions  are  common.  Numerous  coal  seams  are  also  present. 
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Petrography  and  Stratigraphy  of  the  Surficia!  Deposits 

Unit  A 

Unit  A  is  the  Saskatchev/an  gravels  and  sands  on  t!ie  basis  of  accepted 
criteria  for  identifying  this  group  of  sediments  (Stalker,  1968).  Allong  (1967) 
identified  the  sands  in  test  holes  65-1  and  65-2  (Figs.  4  and  7)  as  Saskatchevv'on 
gravels  and  sands  by  a  heavy  mineral  analysis.  He  also  suggested  local  bedrock 
and  adjacent  Tertiary  gravels  as  the  source  of  these  deposits. 

Recent  studies  of  the  Saskatchev/an  gravels  and  sands  have  bracketed  the 
age  lirnils  of  these  deposits  in  the  Edmonion  area.  Westgate  and  Bayrock  (1964), 
from!  a  study  of  periglaclal  structures  in  gravels  and  sands,  concluded  that  the  sedi¬ 
ments  are  older  than  "classical  Wisconsin"  but  are  certainly  of  Pleistocene  age. 
Reimchen  (1968),  in  a  study  of  the  pa leontology  and  stratigraphy  of  the  Saskatche¬ 
wan  grax'els  and  sands  in  Alberta,  suggested  that  the  maximum  possible  age  for  over- 
lying  glacial  drift  in  the  central  Alberta  region  Is  Illinoian. 

In  the  study  area  Unit  A  lies  unconformably  on  the  Upper  Cretaceous  bed¬ 
rock  of  the  Edmonton  Formation  and  Is  comprised  aim.ost  entiiely  of  sand,  the  sand 
was  deposited  in  terraced  valleys  on  the  bedrock  surface.  Boundaries  of  the  main 
valley  in  the  area  are  outlined  on  figure  4  and  locations  of  other  valleys  are  shown 
on  figure  3.  The  rriaximurn  thickness  of  sands  filling  the  main  burled  valley  was 
found  to  be  83  feet  at  test  hole  EP4  (Figs.  4  and  6).  Sediments  of  Unit  A  occurring 
in  the  outcrop  (Fig.  8),  in  test  hole  67-3  (Fig.  5),  the  Des  Lauriers  and  Schafer  wells 
(Appendix  C),  and  test  hole  E9  (Appendic  C)  are  situated  in  the  Devon  Valley 
(Carlson,  1967). 

Dry,  oxidized  samples  of  the  sands  are  light  olive  grey  in  color  (5Y  5.5/1  to 
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5Y  6/1  .5).  The  sand  is  stained  a  red  ocher  color  at  the  outcrop,  particularly  in  the 
lower  few  feet.  This  coloring  is  due  to  the  precipitation  of  iron  oxide  from  ground- 
water  discharging  and  evaporating  at  the  surface  of  the  outcrop. 

The  sands  in  the  lowest  part  of  the  major  buried  valley  are  poorly  sorted, 
coarse-skewed,  very  leptokurtic,  and  have  mean  diameters  of  less  than  2,00  phi. 
These  characteristics  are  particularly  true  for  the  lov/er  10  to  20  feet  of  Unit  A. 

The  upper  part  of  the  sands  range  from  moderately  sorted  to  moderately 
poorly  sorted,  mesokurtic  to  leptokurtic,  near-symmetrical  to  fine-skewed,  and 
have  mean  diameters  larger  than  2.00  phi. 

Typical  grain  size  distribution  of  sediments  in  Unit  A  are  shown  for  selec¬ 
ted  samples  in  figure  9.  The  samples  were  selected  to  show  the  range  of  grain  size 
in  the  sands.  Prominent  pebble  and  gravel  layers  composed  mainly  of  clay  ironstone 
concretions  are  also  present  in  the  lower  portion  of  the  sands  (Plate  2b).  The  pebble 
composition  of  a  gravel  layer  in  the  sands  in  the  river  section ,  excluding  concretions 
and  locol  bedrock  material  is  shown  on  figure  lOo  No  Precarnbrian  Shield  rock- 
types  y/ere  found  in  the  sands. 

An  examination  and  comiparison  of  geologic  cross  sections  A-A '  (Fig.  5), 
B~B  '  (Fig  .  6),  C-C  '  (Fig  .  7) ,  and  Carlson 's  map  of  thalv/egs  of  preglacia  I  val  leys, 
suggest  rather  strongly  that  the  buried  valley  outlined  on  figure  4  is  a  main  tributary 
to  the  Beverly  Valley.  The  tributary  probably  continues  westward  along  the  bedrock 
low  which  crosses  the  lower  part  of  Tp.  51,  R.  27  (Carlson,  1967,  Fig.  2c)  instead 
of  south  to  the  Calmar  Valley.  Hydrologic  evidence  discussed  later  in  this  ihesis 
adds  weight  to  this  conclusion. 
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Range  of  grain  size  distril.iution  of  deposits  in  fjnit  A 
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Figure  10.  Composition  of  pebble  layer  near  base  of  Unit  A 
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Unit  B 

This  unit  is  a  till  that  overlies  deposits  of  Unit  A.  The  till  is  present  over 
most  of  the  area  but  is  missing  at  some  localities.  The  thickest  deposits  of  the  till 
were  found  at  locations  where  major  buried  valleys  are  present  on  the  bedrock  sur¬ 
face  (Fig.  6). 

At  the  outcrop  the  unit  has  a  pronounced  blocky  jointing,  contains  large 
granitic  and  gneissic  boulders  (Plate  3a),  and  has  been  eroded  and  dissected  by 
glacial  meltv/ater  that  deposited  sediments  of  Unit  C  (Plate  3b).  The  deposits  aver¬ 
age  about  2  1/2  feet  in  thickness.  At  the  extreme  left  side  of  the  section  (Plate  2a) 
glacial  meltv^^ater  cut  a  channel  through  deposits  of  Unit  B  into  the  top  of  Unit  A 
(Plate  4a)  and  deposited  gravel  v/ith  a  composition  high  in  Precam.brian  Shield  stones. 
Unit  B  overlies  Unit  A.  unconforrnably  but  no  evidence  could  be  found  that  would  sug¬ 
gest  a  long  break  between  the  deposition  of  the  tv/o  units. 

The  color  of  dry,  oxidized  samples  is  olive  grey  (5Y  4.5/1  to  5Y  6.5/1). 

Texturclly,  Unit  B  ronges  considerably  (Fig.  11).  At  the  river  section  and 
test  hole  67-1  the  unit  is  a  clay  loam  but  is  a  loam,  sandy  clay  loam,  or  sandy  loam 
at  the  site  of  other  test  holes  with  the  exception  of  test  hole  67-7  where  the  unit  is 
missing.  The  till  of  Unit  B  has  a  wider  range  in  grain  size  distribution  than  the 
younger  till  —  Unit  D  (Fig.  12). 

An  inspection  of  figures  13  to  21  and  figure  11  visually  demonstrates  the 
textural  relationship  of  Unit  B  to  other  material  in  the  suificial  deposits.  Notably 
the  grain  size  distribution  parallels  that  of  Unit  D.  The  deposits  in  Unit  B  are  ex¬ 
tremely  poorly  sorted  and  strongly  fine-skev/ed. 
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Figure  11,  Texfural  cinssificv’t-ion  of  deposits  In  Units  B,  D,  E,  nd  F 
(Textural  classification  used  Ky  Soil  Science  Depjrtment, 
Un'  versity  of  Alberta) 
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Figure  12.  Range  of  grain  size  distribution  of  tills  in  Units  B  ind  D 
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Figure  13.  Grain  size  distribution  of  deposits  in  Units  B,  D,  E,  and  F 
at  the  North  Saskatchewan  River  section 
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Figure  14.  Grain  size  disfribufion  of  deposits  in  Units  B^D,  E,-cind  F  at  test  hole  *27-1 
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Figure  15,  Grain  size  distribution  of  deposits  In  Units  B,  D,  E,  and  F  at  test  hole  67-2 
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Figure  16.  Grain  size  distribution  of  deposits  in  Units  B,  D,  and  E  at  test  bole  67-3 
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Figure  1/.  Grain  size  distribution  of  deposits  in  Units  B,  D,  E,  and  F  at  test  hole  .'>7-4 
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Figure  1C.  Grain  size  distribution  of  deposits  In  I 'nits  B,  E,  and  F 
at  test  hole  67-5 
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Figure  20.  Grain  size  distribution  of  deposits  In  Units  D,  E,  and  F  at  test  hole  67-7 
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The  carbonate  content  of  the  matrix  (-200  mesh)  of  Unit  B  (Appendix  F) 
is  only  a  few  per  cent  v/ith  an  8  sample  average  of  3.8  per  cent.  The  average  cal- 
cite  to  dolomite  ratio  is  0.52. 

The  striking  feature  of  drill  cuttings  of  this  till  is  the  high  percentage  of 
included  bedrock  material.  Vyhere  tl'ie  deposits  are  only  a  few  feet  thick  and  overlie 
bedrock,  samples  must  be  taken  with  the  utmost  care  and  examined  meticulously  before 
identification  .  A  comparison  of  data  obtained  from  test  hole  67-6  and  shot-hole  logs 
at  the  same  site  suggest  that  some  seismic  drilling  crews  have  identified  this  deposit  as 
bedrock.  This  explains  anomalies  at  locations  such  as  Sec.  13,  Tp .  50,  R.  26,  W.  4, 
on  Carlson's  map  (Fig.  3)  in  respect  to  the  buried  valley  location  on  figure  4. 

Resistivity  logs  reproduced  in  figure  6  very  obviously  suggest  that  the 
boundaries  of  Unit  B,  as  vrell  as  those  of  other  units  of  the  surficial  deposits,  can  be 
picked  from  the  E-logs  locally,  particularly  v/hen  the  expected  sequence  of  deposits 
is  known  from  other  test  holes  drilled  and  sampled  in  the  area. 

Continuous  till  deposits  are  reported  in  test  holes  Ml  and  65-4  which  were 
drilled  v/ith  rotary  rigs.  It  is  doubtful  if  this  is  actually  the  case  since  all  the  holes 
drilled  by  the  writer  with  a  cable-tool  rig  or  holes  E-logged  after  being  drilled  with 
a  rotary  rig  show  the  tills  of  Units  B  and  D  are  separated  by  a  predominantly  sand  deposit. 
Unit  C 

Unit  C  sediments  were  deposited  in  a  g laciof I uvia I  environment.  The 
sediments  include  gravel,  well-bedded  sands,  and  massive,  sandy  silts.  Stratigraphi- 
cally  the  deposits  of  the  unit  are  underlain  by  the  deposits  of  Unit  B  and  overlain  by 
deposits  of  Unit  .D,  except  where  one  or  both  of  these  units  is  absent. 

The  sediments  were  present  in  all  test  holes  drilled  in  the  area  and  range 
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from  a  few  feet  io  40  feet  in  thickness.  Gravel  in  the  glacial  meltwater  channel  at 
the  outcrop  (Plate  4o)  contains  abundant  Precambrian  Shield  rocks,  numerous  con¬ 
cretions,  bedrock  fragments,  and  quartzite  stones.  The  gravels  also  contain  a  large 
block  of  bedded  silt  (Plate  4b)  which  clearly  must  have  been  frozen  to  remain  intact 
after  it  was  laid  down.  The  position  of  the  block  of  silt  can  be  seen  at  the  extreme 
left  in  Plate  4a  using  the  prominent  inclusion  of  coal  as  c  reference. 

Texturally  the  sands  of  Unit  C  are  moderately  sorted  to  moderately  poorly 
sorted  but  poorly  sorted  materials  are  also  present.  The  materials  are  predominantly 
coarse-skewed  with  a  few  samples  being  near-symmetrical.  Only  3  samples  out  of 
21  were  not  leptokurtic.  A  fraction  of  the  fines  from  drill  samples  was  probably  lost 
during  the  washing  of  samples  but  bulk  samples  obtained  do  not  show  statistical  para¬ 
meters  strikingly  different  from  the  washed  san'iples.  Figure  22  shows  the  range  of 
grain  size  distribution  for  selected  samples  of  deposits  in  Unit  C.  The  bulk  samples 
are  alii  nc!  uded. 

The  most  notable  difference  in  gross  composition  and  texture  between 
deposits  of  Unit  C  and  Unit  A  is  that  the  former  deposits  contain  Precambrian  Shield 
material  and  are  coarse- skewed  whereas  ihe  latter  contain  no  Precambrian  Shield 
stones  and  are  predominantly  fine-skewed.  Considerable  fragmentary  coal  is  present 
throughout  the  deposits  of  Unit  C. 

Unit  D 

Unit  D  is  a  till  which  stratigraphically  is  overlain  by  well-bedded  deposits 
of  Unit  E.  The  till  is  only  a  few  feet  thick  over  much  of  the  area  but  reaches  a 
maximum  thickness  of  20  to  25  feet.  .  The  thicker  deposits  were  usually  encountered 
where  valleys  are  present  on  the  bedrock  surface  (Figs.  5,  6,  and  7).  The  unit  is  not 
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Diameter  in  microns 


Figure  22.  Range  of  grain  size  distribution  of  deposits  in  Unit  C 
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present  at  test  holes  67-5  ond  67-6  but  at  67-6  the  iov/er  part  of  the  overlying  unit 
is  v/ell-bedded  materia!  containing  abundant  pebbles,  concretions,  and  coal  frag¬ 
ments  (Fig.  5),  In  the  outcrop  studied  the  till  is  a  2-foot  thick  massive  unit  with 
a  v/ell  developed  columnar  jointing  (Plate  5). 

The  color  of  Unit  D  appears  somewhat  lighter  than  Unit  B  at  the  outcrop, 
but  the  color  (5Y  5/l)  is  much  the  same  for  dry,  oxidized  samples  of  both  tills  taken 
from  test  holes  in  the  area. 

The  groin  size  distributions  of  deposits  in  Unit  D  are  plotted  on  figures 
13  to  17,  20  and  21.  The  deposits  of  the  unit  are  very  poorly  sorted  and  strongly 
fine-skewed.  Texturally  the  till  is  rather  uniform  and  can  be  classified  as  a  loam 
(Fig.  11).  The  range  in  grain  size  distribution  for  the  deposits  is  very  restricted 
compared  to  deposits  of  Unit  B  (Fig.  12).  The  material  in  test  hole  67-6  is  a  silt 
loam  (Fig.  11)  and  is  textutaily  intermediate  between  till  of  Unit  D  and  bedded  silts 
of  Unit  E. 

The  analyses  of  ihe  pebble  composition  of  five  bulk  samples  indicate  the 
provenance  of  the  material  as  the  Precambrian  Shield  and  local  bedrock  materia! 
(Appendix  E).  The  til!  contains  abundant  coal.  A  fabric  analysis  of  till  in  Unit  D 
(Appendix  G)  was  carried  out  in  the  field.  The  results  of  the  analysis  are  plotted  in 
figure  23  and  indicate  a  northeast-southwest  direction  of  transport  for  the  till. 

The  carbonate  content  of  the  matrix  (-200  mesh)  of  deposits  in  Unit  D 
(Appendix  F)  is  lov/,  the  average  content  for  7  samples  being  5.  1  per  cent.  Ihe 
average  calcite  to  dolomite  ratio  v/as  0.52, 

The  boundary  between  the  till  and  overlying  deposits  of  Unit  E  is  a  sharp 
one  in  the  test  holes  where  the  map  unit  is  present,  as  well  as  in  the  outcrop  seciion. 
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Figurv3  23a  .  Rose  diagram  showing  long-axis  orlenfaflon 
of  stones  In  till  of  Unit  D 
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Figure  2i  1  .  Stereographic  projection  of  the  plunge  angle 
of  the  lorig  axis  of  stones  In  till  of  Unit  D 
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The  lov/er  boundary  between  Unit  D  and  LJnit  C  is  less  distinct  where  silt  forms  the 
underlying  bed  but  is  v/e!l  defined  where  the  till  overlies  sand. 

Excellent  core  samples  v/ere  obtained  of  Unit  D.  The  sharp  boundary  be- 
tvv'een  Unit  D  and  the  overlying  deposits  of  Unit  E  was  found  in  a  number  of  ihe  cores 
(Plate  1b). 

Unit  E 

Unit  E  deposits  are  predominantly  very  well  bedded  g laclolacustri ne  sands, 
silts,  and  clays  of  glacial  Lake  Edmonton  (Bayrock  and  Hughes,  1962,  p.  20-23). 

The  sediments  overlie  til!  of  Unit  D  and  are  overlain  by  aeolian  sands  of  Unit  F. 

The  boundary  between  Unit  E  and  Unit  F  has  been  taken  as  ihe  top  of  the  well  bedded 
sequence.  Unit  E  Is  present  over  the  enilre  area. 

At  the  outcrop  section  the  deposits  are  about  28  feet  thick  and  can  be 
subdivided  into  tlTree  parts,  El  (lov/er),  E2  (middle),  and  E3  (upper)  (Fig.  8). 

The  lower  part  of  the  unit  Is  characterized  by  well  bedded  materials  which 
have  been  deformed  by  folding  (Plate  6).  The  deformied  beds  are  bounded  belov/  and 
above  by  1  foot  and  1.5  feet  of  massive  silt,  respectively. 

The  middle  pa;t  of  Unit  E  is  poorly  bedded  and  contains  deposits  of  till- 
like  material  and  stones  (Plate  7a).  The  thickness  of  this  material  is  about  4.5  feet. 
Much  of  the  material  present  was  probably  carried  and  dropped  from  icebergs  float¬ 
ing  on  glacial  Lake  Edmonton. 

The  upper  part  of  Unit  E  consists  of  rhythmically-bedded  sand  and  silt 
(Plate  7b).  Each  rhylhmlte  consists  of  a  massive  loamy  sand  member  and  a  darker 
colored,  well  bedded  member  containing  more  clay^  The  boundaries  of  the  rhyth- 
mite  members  are  distinguished  by  differentia!  v/eathering,  texture,  structure,  and 
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color.  The  variation  in  thickness  of  consecutive  rhythmites  from  the  top  of  the 
middle  deposits  to  the  base  of  the  overlying  unit  is  diagrammatica  1  ly  shown  in  figure 
24.  A  number  of  primary  structural  features  was  noticed  in  the  rhythmites.  These 
structures  could  be  used  In  Investigations  carried  out  to  determine  the  direction  of 
transport  for  the  sediments. 

In  the  test  holes.  Unit  E  could  not  be  subdivided  but  well  bedded  deposits 
are  present  most  frequently  In  tlie  lov/er  part  of  the  unit.  An  inspection  of  figures 
13  to  21  shows  that  the  sediments  become  Increasingly  and  progressively  coarser  from 
the  base  of  the  unit  to  the  top,  no  doubt  as  glacial  Lake  Edmonton  became  shallower. 
In  test  holes  67-2,  67-3,  and  67-6  a  thin  layer  of  well  bedded  clay  existed  at  the 
top  of  Unit  E.  At  test  holes  67-1,  67-2,  67-4,  67-6,  and  67-7  deposits  of  Unit  E 
are  very  sandy  and  have  a  grain  size  distribution  little  different  from  the  overlying 
aeolian  deposits  of  Unit  F.  Bayrock  and  Hughes  (1962,  p.  24)  noticed  that  a  defi¬ 
nite  distinction  between  early  North  Saskatchewan  River  alluvium  and  sandy  deposits 
of  the  last  stage  of  Lake  Edmonton  could  not  be  made  in  some  localities.  Their  con¬ 
clusion  that  the  sands  are  present  where  Lake  Edmonton  deposits  (Unit  E)  are  thickest 
is  borne  out  by  the  present  study  (Figs.  5,  7,  15,  17,  and  20).  At  test  hole  67-7 
(Fig.  7)  Lake  Edmonton  sediments  have  a  total  thickness  of  83  feet. 

The  most  common  Munsell  colors  of  the  sediments  (dry,  oxidized  samples) 
are  2.  5Y  6. 5/2  and  5Y  6.5/1 . 5. 

Textural  ly,  the  deposits  in  Unit  E  can  be  classified  as  heavy  clay,  silty 
clay,  silty  clay  loom,  silt  loam,  loam,  and  a  loamy  sand  (Fig.  11).  Silty  clay  loam 
and  silt  loam  form  the  majority  of  the  deposits,  with  heavy  clay  and  silty  clay  in 
some  areas.  The  silt  loam,  loam,  and  loamy  sand  are  found  in  the  upper  part  of 


if 


!  61  j-Jbb*m 


*1  j* ' ■’ -''^*  .'M..j>i;,-n 


■■  ■  -^ii 

'  ^  i;*d{f'»n  A  ,65  % 


•-  .rli 


-)i>  (■  I « 


.  JiOj  ot  I 


] 


? 


i! 

*  • 

41 

l^'a'  <[?  m1  t.e?>#  .  1  co>u1»vnt* 

•-  *  l.oqjnjSii 

rft*'" '(Hb  1.  rii'r-^isi  1(.'w  ti.:<i  I'<<1  ■  :  fidU  ,-.  tt'Ml  1  •  '■'1 

1o  foiJx-ujrrrtA  Jl<iw  jiH  hyUn^  r-i  .  .^.'>  *nA^\^  aio 

W..'‘u4  Aclrv5*Tib?  n-funh  i  'i  <>♦  aft>  fifud 

fd'bjsItVi*  ^‘‘L  Ib-.vU  rjyi>)  n  <y^\b  d-’-V  /v  '.  ^  Uyt  nl 

•  <1 

3  t'lril  *  ai ?#t>C44>b  5“ bn 5  ^-’*^'0  y^V6  ^  'f  tpf 

-il  ^  - '^'rl  -  'J*'.  fV,.ii:u.  cikU  '-■*  <#S6>it-43  \-bofe4  ^qy  9m  ^ 

^  'ft 

)  f  ^'2  ^  ''ft'/  ^•i  i< ‘>oq^t>  rtoilodo” 

♦ 

(  -f !*%:■.  .'L'^’.i:*  i-.»o  m:.'  ‘.vLtfrj  I  r  t-),r‘t  ■t',:iu^ii^  ,,f*tr»Vl  y**^  »1  "  ’.vl'jd  o*irt 

•  v 

.  ll  .1-'  i  . ..  |rifi-r.^f  n  f  .i:  4?..  «'«  •  iu  r.  , ,  r  nj  If).  :i  :<U  qM  \o 

wib.(3  )!'<  J'’  I  '■  '  .hn'ifedw  •‘»u  :l>'i.4  i,dr  iwfH-i»uub  'J 

,'V.' 

■■■■.*.', .i 

*A  .(  -  -  i  no  :  n  'y  if  'bo  dmocf  21 

.f..M  ^8  }o  asifir^^ldt  jyf<^  if  ?vwi{  ;tMrifi'<bw  ,.m  -els}  ^  *9!^) 

I  ‘  l<i  Mtv:".i  *.^  ;  ifti 

'■i, 

.I'ji;,  ■>  *"'  bi.*>  S>  ‘  .•>  '/e.s  S10 


1i 


! 


f|jl^3  sfwl'O  yviy- .1  T'ru  L*vi! T--;t»f  5  f.  >  *  ii.iL’  rti  ,  ' 

>l  4I  t  .P't'  1  I... ,  •IW  ,..,.<,1  ij-jij  \^iij  jV(ob 


ii'  t 


t 

.■»i  ycl--  btio  y'J:>  ■  r.j,, ;  --1  tfft  unci  fnr.ol  ti4«  b/>a  , 

'/a 

Ifv  v>4qf|^|l^  4irtl  nl  b!»  joI  *ti3n  incsit  UtO  v^w-I  |iri  tJi4r  tj^noi  < 


L  A  J 


4C 


r— • 


(48aj)  ssau>|0|L|j^ 


Rhyfhrrlfe  nurrber 

Figure  24.  Variation  In  thlcl  ness  of  thirteen  consecutive  rliytl'iml tes  in  Unit  E3 


41 


Unit  E.  Statistical  parameters  of  grain  size  (Appendix  D)  show  that  the  sediments  of 
Unit  E  are  very  poorly  sorted  and  strongly  fine-skewed  to  fine-skewed. 

The  carbonate  content  of  the  -200  mesh  part  of  the  deposits  in  Unit  E 
(Appendix  F)  ranged  from  3.7  to  19.  0  per  cent  with  an  average  value  for  21  samples 
of  9.5  per  cent.  The  average  calcite  to  dolomite  ratio  was  0.80.  The  majority  of 
higher  values  were  for  samples  taken  from  0  to  30  feet  below  surface. 

Unit  F 

Unit  F  is  composed  of  wind-blown  sands.  At  the  outcrop  section  the  sands 
are  only  a  few  feet  thick  (Plate  7b).  Test  holes  situated  on  the  top  of  dunes  penetrated 
thicknesses  of  30  feet  of  sand  classified  by  the  writer  as  aeollan  deposits.  The  areal 
distribution  of  the  aeolian  sand  is  shown  on  figure  2. 

Large  sand  dunes  have  moderately  sorted,  fine-skewed  to  near-symmetrical, 
coarser-grained  sands  than  the  smaller  dunes  which  have  poorly  sorted  to  extremely 
poorly  sorted,  strongly  fine-skewed,  finer  grained  sands. 

The  carbonate  content  of  the  -200  mesh  part  of  the  deposits  In  Unit  F 
(Appendix  F)  varied  from  near  zero  to  about  20  per  cent.  Ihe  average  carbonate 
content  of  7  samples  was  11.3  per  cent.  The  average  calcite  to  dolomite  ratio  was 
1.49. 

Summary  of  the  Sequence  and  Nature  of  the  Surficial  Deposits 

The  sequence  and  nature  of  surficial  deposits  In  the  area  are  discussed  on 
a  basis  of  the  geologic  knowledge  of  this  region  of  Alberta  and  the  Information  ob¬ 
tained  from  the  present  study. 

Medium  to  very  fine  sands  of  Unit  A  are  the  oldest  sediments  overlying 
bedrock  In  the  area.  The  sands,  known  geologically  as  the  Saskatchewan  gravels 
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and  sands,  were  deposited  in  deep,  terraced  valleys  cut  into  the  upper  part  of  the 
bedrock.  The  main  valleys  contain  70  to  80  feet  of  sand  and  adjacent  terraces  or 
small  tributaries  up  to  25  feet  of  sand.  Deposition  of  the  sands  of  Unit  A  ended  with 
glaciation  of  the  area.  Till  of  Unit  B  was  deposited  by  the  glacier.  The  til  1  is  mis¬ 
sing  in  some  areas  and  ranges  from  a  few  feet  up  to  30  feet  in  thickness  v/here  it  is  pres¬ 
ent.  Glacial  meltwater  eroded  the  till  as  the  glacier  retreated  and  gravels,  sands, 
and  silts  of  Unit  C  v/ere  laid  dov/n  In  a  glaciofluvia  1  environment.  The  deposits  are 
widespread  and  range  in  thickness  from  a  few  feet  to  40  feet.  Unit  C  is  overlain  by 
ti  11  of  Unit  D  which  was  deposited  from  the  ice  of  a  glacier  that  covered  the  area  for 
a  second  time.  This  till  is  missing  in  some  places,  is  thin  over  high  areas  on  the  bed¬ 
rock  surface,  and  up  to  25  feet  thick  over  the  lov/s  on  the  bedrock  surface.  The  till 
of  Unit  D  is  overlain  by  sediments  of  Unit  E  which  are  predominantly  very  well- 
bedded  glaciolac ustrine  sands,  silts,  and  clays  of  glacial  Lake  Edmonton.  Part  of 
these  sediments  are  characterized  by  the  presence  of  till-like  material  and  stones 
dropped  from  melting  icebergs  floating  in  the  lake.  The  deposits  are  widespread  in 
the  area  and  range  from  20  to  80  feet  in  thickness.  The  sediments  become  Increas¬ 
ingly  and  progressively  coarser  from  the  base  of  the  unit  to  the  top.  The  upper  part 
of  the  unit  is  sand  where  the  total  thickness  of  the  unit  is  greatest.  The  sand  in  the 
upper  part  of  Unit  E,  after  modification  by  water,  v/as  reworked  by  v/Ind  into  the  sand 
dunes  of  Unit  F.  Sand  deposits  of  large  dunes  exceed  30  feet  In  thickness.  The 
dune  field  covers  about  two-thirds  of  the  area.  At  the  present  time  the  dunes  are 
stabilized  by  vegetation  except  for  small  blov/outs. 
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HYDROGEOLOGY 
Groundwater  Cherrustry 

Introduction 

The  objective  of  the  study  of  the  groundv/ater  chemistry  was  three-fold: 

1)  to  determine  the  chemical  types  of  groundwater  in  aquifers  of  the  geologic  units 
of  the  surficia!  deposits  and  the  bedrock  deposits,  2)  to  outline  the  occurrence  of  the 
chemical  types  of  groundwater  in  the  geologic  units  of  the  surficial  deposits,  and  3) 
to  interpret  the  local  groundwater  flow  systems  in  the  area  by  studying  the  relation¬ 
ship  of  the  groundwater  chemistry  to  the  geology  and  to  the  topography. 

Groundwater  samples  were  obtained  for  chemical  analysis  during  ihe 
field  programs  carried  out  during  the  summers  of  1965  and  1967.  During  1965  water 
samples  were  taken  from,  private  water  vyells  in  the  eastern  half  of  the  area  situated 
north  of  the  river.  Test  drilling  in  1967  was  conducted  in  such  a  manner  that  2  to 
5  samples  of  v/oter,  representative  of  aquifers  at  various  depifis  below  surface,  were 
taken  from  each  test  hole.  A  total  of  75  samples  was  collected  and  analyzed. 

The  specific  electrical  conductance  for  water  samples  from  102  vvells 
located  over  the  entire  map-area  was  measured  with  a  portable,  battery-operated 
solu-bridge„  Values  in  parts  per  million  of  pH,  hardness,  iron,  and  silica  were  de¬ 
termined  in  the  field  Vv'ith  "Hach  Chemical  Kits"  for  water  samples  collected  during 
1965  from  Units  E,  F,  and  C.  Chemical  analyses  of  water  samples  in  the  laboratory 
were  done  by  the  former  Provincial  Analyst,  C.  E.  Noble  and  the  present  Provincial 
Analyst,  K.  I.  Strausz.  Separate  determinations,  of  the  Na"*,  K"*",  Ca"^  \  and  Mg'* 
cations  and  the  CO3  and  HCO3  anions  were  made  by  the  Provincial  Analyst  in 
addition  to  the  standard  chemical  analysis  that  includes  determinations  of  total 
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solids,  ignition  loss,  hardness,  sulfates,  chlorides,  alkalinity,  nitrite  nitrogen, 
nitrate  nitrogen,  iron,  and  fluoride.  Appendix  tl  contains  tables  of  chemical 
analyses  for  groundwater  in  tlie  surficlal  deposits  and  bedrock  deposits. 

Chemical  Types  of  Groundwater  In  the  Surficlal  Deposits 

The  chemical  type  of  groundv/ater  occurring  in  each  unit  of  the  surficlal 
deposits  was  determined  by  plotting  the  results  of  each  analysis  on  trillnear  diagrams 
of  the  type  proposed  by  Piper  (1944).  Groundwater  In  the  surficlal  deposits  has  been 
classified  Into  four  chemical  types,  the  limits  of  which  are  defined  in  figures  25,  26, 
and  27. 

Type  1 

Type  1  is  a  calcium-magnesium-bicarbonate  water  In  quality.  Type  1  is 
similar  in  quality  to  Type  2  but  contains  less  than  30  per  cent  SO^  +CI  expressed 
as  per  cent  of  total  anions.  The  grouping  of  Type  1  water  samples  from  Unit  C  is 
very  evident  in  ihe  trillnear  diagram  of  figure  26. 

Type  2 

Type  2  Is  a  calclum-magneslum-bicarbonate-sulfate  water.  Type  2  water 
is  similar  in  quality  to  Type  1  v/ater  but  contains  more  than  30  per  cent  30^  +CI 
expressed  as  per  cent  of  total  anions.  A  number  of  wells  with  Type  2  water  have 
nitrate  concentrations  greater  than  10  per  cent  of  total  anions.  This  may  indicate 
contamination  by  the  leaching  of  decayed  organic  material.  The  presence  of 
nitrates  is  often  accompanied  by  the  presence  of  chlorides.  The  NO^  cis  a  per  cent 
of  total  anions  expressed  as  epm  Is  Included  with  the  Cl  in  the  anions  triangle  on 
the  trillnear  diagram  (Fig.  25). 
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Figure  25.  Trillnear  diagram  showing  the  three  main  chemical  types 
of  groundwater  In  Units  E  and  F,  in  epm 
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26.  Tril Inear  diagram  showing  l-l'.e  chemical  types  oF  groundwater 
in  Unit  C,  in  cp  > 
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Fii^i'rc  27.  Trillneor  diagram  showing  the  che’.ilcal  t/pe  of  groundwater 
In  Ur.  1 1  A ,  I  -  •  p 
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Type  3 

Type  3  is  a  socliuai-potassium-calcium-magnesiurn-bicai'bonate  water  in 

quality,  containing  roughly  equal  amounts  in  per  cent  of  total  equivalents  per  million 

(epm)  of  the  cations.  Type  3  is  somev/hat  separate  from  Types  1  and  2,  the  cation 

grouping  in  the  trilinear  diagram  (Fig.  25)  being  distinct.  The  water  contains 

+  + 

greater  than  45  to  60  per  cent  Na  +K  and  more  than  40  per  cent  CO..  +MCO.. 

o  o 

expressed  as  equivalents  per  million  of  total  cations  and  anions,  respectively. 

Type  4 


Type  4  is  a  sodium-potassium-bicarbonate  water.  The  concentration  of 
the  Na  +K  cations  in  eprn  increases  with  deptln  in  Unit  C  and  are  highest  in  Unit  A. 
Corresponding  to  this,  the  Ca  +Mg  cations  decrease  with  depth.  The  CO^  + 

HCO^  anions  increase  with  depth,  but  reach  a  depth  where  the  concentration  in 
epm  remains  relatively  constant.  From  this  point  downward  the  SO^  anion  increases 
moderately.  These  features  are  apparent  in  figures  26  and  27  and  are  illustrated 
diograrnmatically  in  figure  28  by  Stiff  diagrams  (Stiff,  1951). 

Other  Quality  Factors  for  Groundv/ater  in  Units  E,  F,  C,  and  A 

Dissolved  iron  content  for  gi'oundwcters  in  the  surficial  deposits  ranges  from 
0.3  to  3 .0  parts  per  million  (ppm)  in  Units  E,  F,andC.  Concentrations  greater  than 
3.0  ppm  occur  at  certain  localities  in  Units  E  and  F  and  more  commonly  in  Unit  C .  Dis¬ 
solved  iron  content  in  groundwater  in  Unit  A  ranged  from  2  to  10  ppm. 

Silica  content  of  groundwater  in  Units  E  and  F  ranges  from  2  to  7.5  ppm.  A 
few  samples  contained  concentrations  of  silica  greater  than  10  ppm  and  two  very  high 
values  of  silica  of  100  and  125  ppm  v/ere  determined.  The  greatest  values  were  for 
water  samples  from  v/e]ls  closest  to  the  river  valley.  The  silica  content  in  ground- 
water  of  Unit  C  was  over  100  ppm  for  seven  out  of  1  1  samples  analyzed.  The  re- 
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Figure  28.  Change  in  water  quality  in  surficial  and  bedrock  deposits 
with  Increasing  deptl.  of  aquifer  below  surface 
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malning  four  samples  corifained  5  to  10  ppm  silica  concentration. 

Hardness  in  groundwater  of  Units  E  and  F  ranged  from  200  to  400  ppm.  Water 
with  hardness  values  of  this  range  is  considered  very  hard  water.  Water  in  Unit  C  has 
hardness  values  predominantly  in  the  range  from  100  to  250  ppm  and  is  considered  moder¬ 
ately  hard  to  hard  water.  Flardness  values  for  a  number  of  samples  were  as  high  as  300 
to  400  ppm.  Hardness  in  groundwater  of  Unit  A  ranged  from  50  to  100  pprn .  This  is  a 
moderately  soft  water. 

Water  in  Units  E,  F,  and  C  has  pFl  values  ranging  from  6.5  to  7.4,  whereas 
water  in  Unit  A  has  pH  values  ranging  from  8.4  to  8.7. 

Chemical  Type  of  Groundwater  in  the  Bedrock  Deposits 

Type  4  is  the  chemical  type  of  water  occurring  in  the  bedrock  deposits.  The 

+  + 

water  in  the  bedrock  generally  contains  higher  concentrations  of  No  ^-K  in  eprn  than 
water  in  the  surficial  deposits  (Fig.  29).  The  majority  of  waters  sampled  had  o  chloride 
content  less  than  15  per  cent  of  total  anions  expressed  as  epm .  Wells  deeper  than  300 
feet  yield  water  with  chlorides  greater  than  15  per  cent  of  total  anions  in  epm. 
Suitability  of  Groundwater  for  Human  Consumption 

The  four  types  of  water  in  the  surficial  and  bedrock  deposits  are  all  suitable 
for  human  consumption.  Dissolved  iron  may  be  an  undesirable  element  in  water  in 
the  surficial  deposits.  Shallow  wells  in  Units  E  and  F  are  subject  to  contamination 
and  the  water  from  these  wells  should  be  analyzed  periodically  for  the  presence 
of  nitrates.  Deep  v/ells  in  Unit  C,  Unit  A,  and  the  bedrock  deposits  occasionally 
may  be  found  to  contain  amounts  of  soda  in  excess  of  the  limit  of  50  grains  pet- 
gallon  recommended  by  the  Alberta  Department  of  Public  Health  for  water 
for  human  consumption.  It  may  be  desirable  to  treat  the  water  for  hardness  and  for 
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Figure  29.  Tril Inear  dia'’^ram  sinowing  flie  chemical  t/pe  of  groundwater 
In  the  bedrock  deposits,  In  epm 
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the  removal  of  Iron,  depending  on  the  desired  use  of  the  water. 

Occurrence  of  the  Chemical  Types  of  Groundwater  In  the 
Units  of  the  Surficlal  Deposits 

The  occurrence  of  chemical  types  of  groundwater  In  Units  E  and  F  Is  shown 
in  figure  30.  Units  E  and  F  are  considered  as  one  aquifer  because  wells  completed 
in  these  deposits  receive  groundwater  from  both  units  or  It  Is  difficult  to  determine 
which  of  the  two  units  Is  yielding  water  to  the  well.  The  majority  of  water  samples 
analyzed  from  Units  E  and  F  are  either  Type  1  or  Type  2.  In  Units  E  and  F,  Type  1 
occurs  along  v/I th  Type  2  over  most  of  the  area  sampled  except  for  a  narrow  zone 
paralleling  the  river.  In  this  zone  Type  3  water  occurs.  Three  occurrences  of  Type 
3  water  fall  In  the  area  of  occurrence  of  Types  1  and  2  water.  The  approximate 
boundary  In  figure  30  might  be  considered  as  being  subjective  because  the  area  north 
of  the  boundary  could  be  divided  Into  a  number  of  smaller  areas  In  which  Type  1,  2, 
or  3  water  occurs.  Type  3  v/ater  Is  considered  distinctive  from  Types  1  and  2  because 
of  Its  higher  soda  content.  For  this  reason  the  approxlmale  boundary  separating  areas 
of  predominantly  Type  3  water  from  areas  of  predominantly  Types  1  and  2  water  Is 
considered  the  most  Im:portant  one.  In  Unit  C  the  occurrence  of  Type  1  water  is  most 
frequent  In  a  narrow  zone  along  the  river  (Fig,  31).  Types  2  and  3  do  not  occur  In 
Unit  C.  Type  4  groundwater  Is  found  north  of  the  zone  of  Type  1  v/ater.  The  approxi¬ 
mate  boundary  in  figure  31  cari  be  drown  objectively  where  the  density  and  distribu¬ 
tion  of  control  points  Is  adequate,  lype  4  water  is  the  only  chemical  type  of  ground- 
water  found  to  occur  in  aquifers  of  Unit  A,  The  approximate  boundaries  of  the  burled 
valley  type  aquifer  which  contains  groundwater  of  Type  4  ore  shown  in  figure  4.  The 
locations  of  other  burled  valleys  which  could  contain  deposits  of  Unit  A  ore  shown 
in  figure  3. 
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TO  WEST  OF  FOURTH  MERIOIAN 

lype  c. . ^ 

Type  3 . 


Approximate  boundary  . .  . - 

Figure  30.  Map  showing  the  occurrence  of  chemical  types  of 
groundwater  in  Units  E  and  F 
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Type  1  . •  WEST  Of  FOURTH  MERIDIAN 


Type  4  . 

Approximoft  boundary  . .  . - 


Figure  31  .  Map  showing  the  occurrence  of  chemical  types  of 
groundwater  in  Unit  C 
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Interpretation  of  Groundwater  Flow  Systems  in  tlie  Area  Based  on 
Groundwater  Chemistry,  Geology  and  Topography 

Hydrochemical  flow  systems 

Toth  (l966a,  1966b)  showed  that  a  chemical  quality  study  of  groundwater 
can  supply  information  about  the  direction  and  extent  of  groundv/ater  flow  systems 
in  central  Alberta.  Le  Breton  (1966)  and  Tokarsky  (1967)  related  the  groundv/ater 
quality  to  the  geology  ond  flow  systems  in  other  parts  of  Alberta.  Rozkov/ski  (1967) 
carried  out  detailed  Investigations  of  hydrochemical  patterns  in  hummocky  moraine 
in  southern  Saskatchewan.  He  concluded  that  the  development  of  hydrochernica! 
patterns  was  determined  by  climate,  lithological  composition  of  the  glacial  deposits, 
and  conditions  of  groundv/ater  flow.  Toth  (1966a),  Meyboom  (1966),  and  Rozkowski 
(1967j  all  emphasize  the  imiportance  of  the  contact  time  belAveen  water  and  rock  In 
determining  the  degree  of  mineralization  of  groundv/ater. 

Investigators  studying  flow  systems  in  different  environments  have  usually 
arrived  at  one  common  conclusion  ~  recharge  areas  are  coincident  with  topographi¬ 
cally  high  areas  and  discharge  areas  v/ith  topographically  low  areas,  regardless  of 
the  scale  of  the  flow  system.  However,  Toth  (1963)  found  It  necessary  to  stress  the 
sense  in  which  recharge  and  discharge  is  used  i n  hydrochemical  studies.  Toth  de¬ 
fined  recharge  and  discharge  as  "the  processes  by  which  water  Is  added  or  removed 
from  any  part  of  the  zone  of  saturation".  He  subdivided  the  processes  of  recharge 
and  discharge  into  Kvo  main  groups  as  quoted  below: 

"1)  Processes  in  which  water  Is  exchanged  between  the  saturated  zone 
and  either  the  atmosphere  or  the  zone  of  aeration. 

2)  The  process  In  which  water  is  exchanged  betv/een  different  parts  of 
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the  saturated  zone.  This  process  is  termed  herein  'the  saturated  flov/  of  ground- 
water'."  The  writer  uses  the  definition  in  2)  in  subsequent  discussion. 

The  important  cations  in  the  groundwater  of  the  surficia!  deposits  in  the 

-H-  -H-  +  +  _  __ 

area  of  study  are  Ca  ,  t\\g  ,  Na  ,  and  K  ;  the  important  anionss  HCO.,,  CO..  , 

o  o 


and  SO 


4 


Based  on  the  hydrochemical  investigations  previously  mentioned  and  con¬ 


sidering  the  important  ions  in  groundwater  of  the  study  area,  the  following  charac¬ 
teristics  apply  to  recharge  and  discharge  areas  of  short  flow  systems: 


Recharge  Area 

(1)  Low  total  solids,  in  ppm 


Discharge  Area 

(1)  Slight  increase  in  total  solids,  in  pprn 


(2)  High  calcium  and  magnesium,  in  (2)  Decreasing  calcium  and  magnesium,  i 


in 


per  cent  of  total  cations 

(3)  High  caicium:magnesium  ratio 


per  cent  of  total  cations 
(3)  Lov/er  ca Icium :magnesium  ratio 


(4)  Lower  sodium  plus  potassium,  in  (4)  Relatively  rapid  increase  in  sodium,  in 


per  cent  of  total  cations 


per  cent  of  tola!  cations 


(5)  High  carbonate  and  bicarbonate,  (5)  Less  pronounced  bicarbonate,  in  p$ 


in  per  cent  of  total  anions 
(6)  Little  sulfate,  in  per  cent  of 


cent  of  total  anions 


(6)  Higher  sulfate,  in  per  cent  of  total 


total  anions 


anions 


Sources  of  chemical  constituents 


in  groundwater 


The  following  discussion  is  taken  from  Davis  and  DeWiest  (1966)  and  Hem 
(1959).  It  is  presented  here  for  background  information  to  supplement  subsequent 
discussion  of  the  concentration  and  areal  distribution  of  the  major  anions  and  cations 
present  In  groundwater  of  the  study  area. 
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Sodium  compounds  are  readily  soluble  and  v/hen  leached  from  the  rocks 
tend  to  stay  in  solution.  Sodium-bearing  waters  may  under  some  circumstances 
participate  In  base-exchange  reactions  whereby  sodium  replaces  other  cations  In 
clay  minerals  or  other  materials.  Many  clay  minerals,  particularly  rnontrnorlllonite, 
have  a  capacity  for  base  exchange.  Normally,  calcium  and  magnesium  Ions  from 
solution  replace  adsorbed  sodium  on  the  exchange  material. 

Potassium  Is  slightly  less  abundant  than  sodium  in  the  eaiih's  rocks  but  Is 
easily  recombined  with  the  products  of  weathering,  particularly  the  clay  minerals  of 
hydrolyzate  sediments.  Potassium  minerals  are  more  resistant  to  decomposition  by 
weathering  than  are  sodium  minerals. 

Calcite  and  dolomite  are  the  most  important  common  sources  of  calcium  and 
magnesium.  The  solubility  of  calcium  carbonate  and  magnesium  carbonate  is  controlled 
by  the  presence  of  carbon  dioxide.  Calcium  and  magnesium  cations  in  solution  will 
replace  sodium  cations  adsorbed  on  clay  minerals.  Magnesium  is  usually  less  abundant 
than  calcium  because  of  the  slow  dissolution  of  dolomite  and  the  greater  aburidance  of 
calcium  in  the  earth's  crust. 

The  most  important  sources  of  sulfate  in  groundwater  are  gypsum  and  anhy¬ 
drite.  Both  minerals  are  highly  soluble.  Sulfate-reducing  bacteria  derive  energy 
from  the  oxidation  of  organic  compounds  and  in  the  process  obtain  oxygen  from  the 
sulfate  ions  in  subsurface  water.  The  resulting  reduction  of  sulfate  ions  produces 
hydrogen  sulfide  as  a  by-product. 

Most  bicarbonate  and  carbonate  ions  in  groundvyater  are  derived  from  the 
CO^  in  the  atmosphere,  CO^  in  the  soil,  and  the  solution  of  carbonate  rocks.  In 
groundwater  with  pH  values  between  4.5  and  8.2,  most  of  the  corbonote  ions  add 
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hydrogen  to  become  bicarbonate  ions. 

Silica  is  one  of  the  most  abundant  elements  of  the  earth's  crust  but  silica 
compounds  have  low  solubilities.  Subsurface  waters  saturated  with  amorphous  silica 
in  temperate  regions  should  contain  from  90  to  110  ppm  of  silica. 

Iron  exists  in  abundance  in  many  minerals  of  the  earth's  crust.  The 
weathering  of  these  minerals  releases  large  quantities  of  iron  which  usually  ore  con¬ 
verted  to  the  relatively  insoluble  and  stable  iron  oxides.  Iron  is  usually  considered 
to  be  in  the  ferrous  form  in  subsurface  waters  with  pH  values  between  6.0  to  8.0. 

On  exposure  to  the  atmosphere  the  ferrous  iron  is  oxidized  and  precipitates  as  ferric 
hydroxide . 

Sources  of  some  major  cations  and  anions 

in  the  surficial  deposits  of  the  study  area 

X-ray  diffraction  studies  of  the  clay  fraction  (-2  microns)  of  surficial 
deposits  from  test  holes  67-1,  67-2,  and  67-3  showed  that  montmori  I  Ionite  was  the 
most  abundant  clay  mineral  present,  with  smaller  amounts  of  kaolinite,  some  illite, 
and  probably  minor  amounts  of  chlorite.  The  clays  of  the  montmori  1  ionite  group  are 
probably  the  main  source  of  sodium  for  base  exchange  reactions  since  they  are  wide¬ 
spread  in  the  area  and  have  a  high  exchange  capacity. 

Heavy  calcification  up  to  1/4  inch  in  diameter  fills  the  spaces  formerly 
occupied  by  roots  which  have  decayed.  The  calcification  was  observed  to  extend 
to  depths  ranging  from  4  to  1  2  feet  below  surface  in  bulk  samples  recovered  from 
test  drilling.  Average  values  of  carbonate  in  the  -200  mesh  part  of  Units  E  and  F 
were  9.5  and  1  1  .3  per  cent,  respectively.  Units  B  and  D  had  lower  carbonate  con¬ 
tents  with  average  contents  of  3.8  and  5.1  per  cent,  respectively.  The  tills  of 
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Units  B  and  D  contain  about  twice  as  much  dolomite  as  calcite.  Unit  E  has  close  to 
equal  amounts,  and  Unit  F  has  calcite  concentrations  about  1  1/2  times  that  of  dolo¬ 
mite  present.  The  higher  values  of  carbonate  content  were  measured  in  samples 
taken  from  0  to  30  feet  below  surface. 

Pyrite  and  gypsum  v/ere  Identified  in  samples  of  the  surficial  deposits. 
Gypsum  was  found  to  be  crystallized  along  joint  planes,  particularly  those  in  Unit 
D.  Gypsum  is  an  important  source  of  sulfate  and  sulfate  is  produced  through  the 
oxidation  of  pyrite. 

Nitrate  and  chloride  concentrations  in  shallow  wells  are  probably  the 
result  of  leaching  by  percolating  v/ater  of  barnyard  manure  or  other  organic  wastes^ 
The  areal  distribution  and  concentration  of  chemi¬ 
cal  constituents  of  groundwater  in  Units  E  and  F 

Few  reliable  measurements  of  the  change  in  the  natural  potential  of 
groundv/ater  with  depth  are  available  in  the  study  area.  It  would  thus  be  difficult 
to  establisli  c  three-dimensional  picture  of  fluid-potential  distribution  in  the  area 
from  which  flov/  systems  present  could  be  delineated. 

The  interpretation  of  flov/  systems  In  the  area  of  study  is  based  primarily 
on  an  analysis  of  v/ater  samples  from  Units  E  and  F  because  the  majority  of  water 
wells  from  v/hich  v/ater  samples  were  obtained  v/ere  completed  in  the  deposits  of 
these  units.  The  patterns  of  areal  distribution  of  chemical  constituents  have  been 
drawn  as  objectively  as  possible  but  a  subjective  approach  was  necessary  for  all 
patterns  except  that  for  the  areal  distribution  of  sodium  and  potassium  ions  (Fig. 

32)  which  is  shown  by  contours  of  percentage  of  total  cations.  The  remaining  pat¬ 
terns  show  approximate  boundaries  between  various  ranges  of  concentration  of 
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Point  of  control . •  OF  FOURTH  MERIDIAN 


Figure  32.  Map  showing  areal  dist-ribution  of  sodium  and  potassium  ions,  in 
percentage  of  total  cations,  for  groundwater  in  Units  E  and  F 
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chemical  consti tuenfs.  The  positions  of  ihe  boundaries  have  been  determined  on  a 
basis  of  theoretical  considerations  and  the  range  of  values  that  give  the  clearest 
pattern  of  the  concentration  of  each  chemical  constituent  has  been  decided  by  trial 
and  error. 

Total  solids  in  ppm  are  higher  in  an  area  about  one  mile  wide  v/hich  par¬ 
allels  the  North  Saskatchev/an  River  (Fig,  33).  The  areal  distribution  of  total  solids 
In  ppm  for  groundwater  in  all  the  surficlal  deposits  and  bedrock  deposits^  as  calcu¬ 
lated  from  measurements  of  specific  electrical  conductance,  shovv's  a  central  northv/est- 
trendlng  zone  of  low  total  solids  which  is  surrounded  by  an  area  of  higher  total  solids 
(Fig.  34).  Figure  34  also  indicates  higher  total  solids  in  an  area  near  the  river, 
Calcium:magnesium  ratios  are  higher  in  the  northern  part  of  the  area  and  decrease 
toward  the  river  with  the  exception  of  high  values  near  the  river  (Fig.  35),  The  con¬ 
centration  of  sodium  and  potassium  ions  In  percentage  of  total  cations  increases 
rapidly  from  low  values  in  the  north  to  values  of  about  50  per  cent  in  the  vicinily  of 
the  river  (Fig.  32).  There  is  a  noticeable  bend  in  the  iso  -percenti le  lines  to  the 
northwest  in  the  map-aiea.  Tlie  areal  distribution  of  carboiiate  and  bicarbonate  in 
percentage  of  total  anions  is  relatively  uniform  ever  the  area  with  the  exception  of 
a  control  area  of  high  values  (Fig.  36). 

Interpretation  of  hydrochernical  flow 

systems  in  the  area 

The  salient  features  of  the  areal  distribution  of  the  total  solids  in  Units  E 
and  F  indicate  that  the  dune  field  as  a  whole  is  a  recharge  area  with  a  discharge 
area  occupying  a  narrow  zone  paralleling  the  North  Saskatchev/an  River.  Figure 
34  also  reflects  the  influence  of  numerous  smaller,  shallower  flov/  systems 
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500"1000  ppm . ® 

Approximott  boundary  . 


Figure  33.  Map  showing  areal  distribution  of  total  solids  in  groundwater 
in  Units  E  and  F 
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LEGEND 

Prtdominantly  0*500  ppm . 
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scale  in  miles 
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WEST  OF  FOURTH  MCRlOlAN 


Point  of  control 


Figure  34.  Map  showing  areal  distribution  of  total  solids  for  groundwater 
in  the  surficial  and  bedrock  deposits  (calculated  from  specific 
electrical  conductance  measurements) 
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^  ^  .  WEST  OF  FOURTH  MERIDIAN 

2-4  . • 

Approximoie  boundary  .  . - 


Figure  35.  Map  showing  areal  variation  in  the  calciumrmagnesium  ratio 
for  groundwater  in  Units  E  and  F 
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Figure  36 . 


Map  showing  areal  distribution  of  carbonate  and  bicarbonate  ions 
in  percentage  of  total  anions,  for  groundwater  in  Units  E  and  F 
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vviih  dunes  as  recharge  areas  characterized  by  lov/  total  solids  and  interdune  lows  as 
discharge  areas  characterized  by  high  total  solids.  The  low  concentration  values  of 
sodium  and  potassium  in  Units  E  and  F  are  indicative  of  short  flow  systems.  T5th 
(1966a)  found  that  the  sodium  concentration  increases  very  rapidly  In  young  waters. 
This  phenomenon  is  apparent  in  the  dune  area  and  is  probably  a  result  of  base  ex¬ 
change  due  to  the  high  concentration  of  clay  minerals  In  the  surflcial  deposits. 

The  occurrence  of  high  concesTtration  values  of  carbonate  and  bicarbonate  in  Units 
E  and  F  in  the  central  part  of  the  area  cannot  be  explained  by  the  writer.  As  a 
whole,  the  areal  distribution  of  the  carbonate  and  bicarbonate  anions  is  considered 
a  measure  of  the  influence  of  the  small  flow  systems  of  the  ip.dividual  dunes  and 
their  respective  interdune  lows.  The  zone  along  the  river  is  the  only  one  in  which 
values  of  carbonate  and  bicarbonate  were  found  to  be  less  than  70  per  cent  of  the 
total  anions. 

In  the  area  paralleling  the  river  the  presence  in  Unit  C  of  Type  1  water 
characterized  by  low  total  solids  and  high  calciumtmagneslurn  ratios  in  Units  E  and 
F  suggest  o  zone  of  recharge.  This  recharge  zone  must  inrerfinger  v/ith  ihe  discharge 
area  of  the  dune  field.  The  recharge  area  paralleling  the  river  means  dov/nward  flow 
of  water  in  the  zone  of  saturation.  This  suggests  that  f'ne  North  Saskatchewan  River 
valley  influences  the  direction  of  groundwater  flow  in  the  area  adjacent  to  the  top 
of  the  river  valley  wall. 

The  presence  of  Type  4  water  In  Unit  C  In  the  northwest  part  of  the  study 
area,  in  Unit  A,  ond  in  the  bedrock  aquifers,  suggests  that  the  water  in  these  units 
belongs  to  a  long  or  regional  flow  system. 


' . 

-n>i  '-I'fV  ■>■  *i  fev'fc*  f.**^*^* 


-‘.'n 


ITO* 


>■ 


;  t  .  fB^  ’  • '  >»  <£0  ^«ar>ii-; 


jIi'  .  ,.-il<^'^»'“--4Ci’*0CI  •si*  ..m:  I 


<  I 


>'■*  • 


’t«r 


'  <V‘H,r>  sr^nnaafb 


\i  .''*■?  •n^n  Tioiti 


.  ,.  ■.»  t  'M  ■' 


IS] 


'  .  ;  •niW*«l.:'*C<J  bm?  mviboi 

btjwl  (edo^f) ,, 

.  V  ’.J  J  v!  ; !  :c  >U  ri  !>.u..a»f  ■"S'1>  ••■)'  ti\ **;*wW"1  mnttnat  -,!q  -:lrtT 

,  *  ‘  1(5, Ji»^  •  '  »  '  •  ^  ■ 

H  1. 


.-7 :  '»*J  t 


* 

I 


»  ^0  ni  ■*  bf!0  3 


l*  .'  .rfrt^Vv  .-^Jf  ^  f  t  ^  '  - 

«'  ^'iri’fro  •irJrioiJ'UuJ'iT 

■  frtvnTT\i  .-ft !%:<umsmo 

‘‘  4.'  ' 

4  fc  *  ^  ■.  .  1  *  •i  — _ _ k  _  f 


♦»('  ■.'  ?-  mnc- 


vf-^  ->-lf  )ii  ’  ')‘f  *  ■■  ^'«Ti 

..  if>  V-'  '“^K  (Vd*  *f<i‘  5>(ij^f  .W  V  t  'J  >rj-c3  ^ojMov 


Mi;  ‘  *|<*  ->  fiorifil'f'  *•> 

*:i  <0  f  J  n !  f  L*^  u-PN  !>  yri’;':  m 


•  < 


iV^ 


V  *, 


«f  fti 


5j  ;i<l  ol 

•  i  aJ  b^xb*ioOir>rfa 

'  i 


f:^<llvM^•|■]b"^^^l'‘^  pl'kf  -ft*  ,  i'"'’-  .  itfD 

r 


\  I  "-V  t  o  l^»5r^oi4  1 


.<  .oc.-b  1o  eiio 

.S'ii 

.  A  c-iit  ni  nthD'A*  *?'ij 


f  a3v.b*^w^w!wU'4noafti'^^\/l'»  -i  •  •■b 

‘•••:  ■' ij.'-f  >  ti'jna  n<  yyu^i  »t*)o’,  <‘?  ■*  -ij  ''cFt  ^  ‘  JrifT>Rlrut^Al  \(jllov 

^  Jllwy  XffUpy  w.  li  ar?f  3o 

*#  •»ft<  ’f>  [•?»!  VfH»rA  D  TtfiU  ft!  !  t“.  V  ^  M  ^  orlT 

-  >!■  (:'!j  'It*:  '.»«o  ,A  l*ri(J  nf  ^o^io 

. . .  ^^  ■  1 

.i<»4  #  I’.-uoJjSji  i  V  ifcil  o  ol  igrioi^d 


!l  rfl  i.Xuv/  T,.  '  p  . 


S 


67 


Groundwater  Availability  of  Aquifers  in  the  Surficiai  Deposits 
Aquifers  in  Units  E  and  F 

in  the  early  settlement  of  the  area  water  v/as  obtained  entirely  from  v/ells 
bored  or  dug  into  the  aeolian  sand  (Unit  F)  or  upper  sandy  deposits  of  Unit  E.  A 
number  of  homes  in  the  area  still  depend  on  this  aquifer  for  a  water  supply.  The 
groundwater  levels  (water  table)  in  this  aquifer  range  from  about  4  feet  below  sur¬ 
face  in  topographically  low  areas  to  20  feet  below  surface  on  the  top  of  large  dunes. 
Generally,  the  aquifer  materials  have  low  permeabilities  except  for  local  areas  where 
the  deposits  are  sandier.  The  amount  of  water  the  aquifer  wi  11  yield  to  a  well  depends 
largely  on  the  type  of  well  but  long-term  yields  will  probably  not  be  greater  than  5 
imperial  gallons  per  minute.  The  maximum  depth  of  wells  is  usually  at  the  depth 
where  sandy  deposits  overlie  the  silty  clay  deposits  of  Unit  E.  This  Is  usually  less 
than  40  feet  over  most  of  the  area. 

Aqui fers  in  Unit  C 

Unit  C  contains  layers  of  clean  sands  which  generally  have  higher  perme¬ 
abilities  than  aquifer  material  in  Units  E  and  F.  In  the  lest  few  years  a  number  of 
private  v/ater  supplies  have  been  developed  in  these  sands.  The  top  of  the  deposits 
in  Unit  C  is  found  below  50  feet  and  the  bottom  less  than  150  feet  below  surface  in 
the  area . 

V'/ater  levels  measured  after  12  hours  of  recovery  in  test  holes  in  Unit  C 
are  listed  in  the  table  belov/. 
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Depth  of 

Depth  of 

test  hole 

water  level 

Test  Hole  No. 

below  surface 

below  surface 

(feet) 

(feet) 

67-2 

90 

46.78 

67-4 

84 

39.73 

67-5 

82 

46.23 

A  second  twelve-hour  recovery  measurement  at  test  hole  67-5  sliowed  a 


water  level  of  20.95  feet  belov/  surface  for  a  test  hole  depth  of  126  feet.  The  test 
hole  was  in  bedrock  deposits  at  this  depth.  The  two  measurements  indicate  increas¬ 
ing  natural  potential  with  depth  at  the  location  of  test  hole  67-5. 

Wells  of  good  design,  v/hich  usually  requires  the  installation  of  a  suitable 
well  screen  or  a  well  screen  and  "gravel"  pack,  should  produce  5  to  15  gallons  per 
minute  from  the  best  water-bearing  sands  in  Unit  C.  The  main  problem  is  the  posi¬ 
tioning  of  the  screen  in  a  v/ell  because  the  better  sand  aquifers  are  thin  and  accurate 
knowledge  of  the  top  and  bottom  of  the  subsurface  sand  is  necessary  for  successful 
water  well  construction.  Electric  logging  of  drill  holes  prior  to  well  completion  is 
recommended,  particularly  for  rotary  dri  I  led  holes.  Little  di  fficulty  wil  I  be  encoun¬ 
tered  in  determing  the  presence  and  position  of  good  water-bearing  sands  with  an 
electric  log  and  lithologic  infoimation. 

Aquifers  in  Unit  A 

Unit  A  is  potentially  the  most  promising  aquifer  in  the  area.  This  aquifer 
was  evaluated  by  a  pumping  test  at  the  site  of  test  hole  65-3,  The  analysis  of  the 
pumping  test  data  is  presented  separately  in  this  thesis.  Measured  water  levels  in 
Unit  A  after  long  periods  of  no  pumping  are  listed  in  the  table  belov/. 
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Test  Hole  No. 

Depth  of 
the  test  hole 
belov/  surface 
(feet) 

Depth  of 
water  level 
below  surface 
(feet) 

E  levatlon 
of  water 
level 
(feet) 

65-3 

180 

52 

2,220 

EP4 

152 

73 

2,228 

M2 

163 

68 

2,232 

67-6 

155 

44 

2,256 

The  \va1er-" level  measurements  show  a  drop  in  natural  fluid  potential  in 
the  aquifer  from  southv/est  to  northeast  along  the  course  of  the  buried  valley.  The 
bedrock  topography  to  the  northeast  of  the  study  area  (Carlson^  1967,  Fig,  2c)  shows 
that  the  buried  valley  is  intersected  by  a  large  curve  of  the  Norih  Saskatchewan 
River  In  Secs.  9  and  16,  Tp.  52,  R.  25,  VV.  4th  Mer.  This  meander  is  locally  known 
as  the  "Big  Bend,"  At  ihls  location  numerous  contact  springs  drain  Unit  A  v/hich  over- 
lies  bedrock.  This  drainage  explains  the  drop  in  natural  fluid  potential  in  the  aquifer 
towards  the  northeast.  The  increase  in  natural  fluid  potential  towards  the  southwest 
supports  the  v/riter's  conclusion  on  page  IB  concerning  the  direction  and  location  of 
the  buried  valley  outliried  on  figure  4.  If  the  course  of  the  buried  valley  were  south, 
the  natural  fluid  potential  in  the  burled  valley  aquifer  would  probably  decrease  to¬ 
ward  the  location  where  the  buried  vailey  crosses  the  North  Saskatchewan  River 
val  ley . 

Groundwater  Availability  in  the  Bedrock  Deposits 
The  aquifers  in  the  bedrock  materials  are  thin  sandstones  and  coal  seams. 

The  top  of  bedrock  occurs  at  depths  ranging  from  60  to  140  feet  over  the  area  where 
burled  valleys  are  not  present.  In  the  lower  part  of  the  buried  valley  on  figure  4 
the  top  of  bedrock  is  at  180  to  215  feet  below  surface.  Water-well  drillers'  re¬ 
ports  indicate  that  yields  up  to  10  imperial  gallons  per  minute  can  be  obtained  from 
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the  more  permeable  aquifers  in  the  bedrock  but  generally  the  yields  from  wells  com¬ 
pleted  in  bedrock  aquifers  are  lower. 

Natural  Recharge,  Discharge,  and  Drainage  of  Aquifers 
in  the  Surficial  and  Bedrock  Deposits 
Recharge  and  discharge  are  here  considered  in  the  sense  defined  by  Toth 
(1963)  as  the  processes  in  which  water  is  exchanged  between  the  saturated  zone  and 
either  the  atmosphere  or  the  zone  of  aeration.  These  processes  should  not  be  con¬ 
fused  v/ith  the  meaning  of  recharge  and  discharge  as  used  in  the  study  of  the  satur¬ 
ated  flow  of  groundwater. 

Precipitation  is  the  source  of  natural  recharge  of  water  to  the  groundwater 
reservoir  in  the  area.  The  high  v/ater  table  in  the  area  of  aeolian  deposits  is  expres¬ 
sed  by  perennial  sloughs  in  many  of  the  interdune  lov/  areas.  The  high  water  table 
coupled  with  relatively  high  infiltration  capacities  of  the  sandy  deposits  at  the  sur¬ 
face  results  in  rapid  rises  of  the  water  table  in  response  to  precipitation.  A  water- 
table  well  located  in  Lsd.  8,  Sec.  12,  Tp.  51,  R.  26,  W.  4th  AAer.  is  equipped  with 
an  automatic  water-level  recorder.  The  writer  was  at  the  recorder  site  and  noticed 
that  the  water  level  in  the  observation  v/eli  v/as  rising  due  to  heavy  rainfall  on 
June  3  and  again  on  June  17,  1965.  The  hydrograph  shows  a  rapid  rise  of  about 
0.  40  foot  in  v/ater  level  as  a  result  of  rainfall  on  each  of  the  Iv/o  days.  The  well 
is  25  feet  in  depth  and  the  water  table  only  a  few  feet  below  surface.  The  rise  in 
water  level  on  June  17  v/os  calculated  by  the  writer  to  begin  in  less  than  iv/o  hours 
after  rainfall  started.  The  scale  of  the  hydrograph  prevented  a  more  accurate  time 
determination  for  tlie  beginning  of  the  rise.  A  comparison  of  week-end  water  level 
measurements  with  total  weekly  precipitation  is  shown  on  figure  37.  i  he  precipi- 
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taflon  data  were  obtained  from  monthly  records  of  meteorological  observations  for 
the  Canada  Department  of  Transport's  meteorological  station  at  the  Edmonton  Inter¬ 
national  Airport.  The  airport  is  located  about  7  miles  southeast  of  the  tov/n  of 
Devon.  Figures  37  and  38  show  that  the  main  rise  in  the  water  table  occurs  in  the 
spring.  The  v/ater  level  declines  during  the  summer  and  fall,  except  for  peaks  due 
to  precipitation,  and  declines  steadily  through  the  winter  months.  The  spring  rise  is 
a  result  of  the  infiltration  of  v/ater  from  melting  snow  to  the  saturated  zone.  The  net 
amount  of  water  available  for  infiltration  is  higher  in  the  spring  than  other  seasons 
because  the  area  is  mainly  one  of  internal  drainage  and  evapotranspiration  losses  are 
iov/c  The  decline  trend  of  water  levels  during  the  summer  reflects  the  small  amounts 
of  water  available  for  infiltration  because  of  high  evapotranspiration  losses.  When 
the  intensity  of  rainfall  is  high  or  the  period  of  rainfall  is  long,  soil  moisture  defici¬ 
encies  are  filled  and  water  is  available  to  infiltrate  to  the  saturated  zone.  The  avail¬ 
ability  of  v/ater  for  infiltration,  coupled  v/ith  a  high  v/ater  table  and  permeable  sands 
at  the  surface,  results  in  peaks  on  hydrographs  during  tfie  summer  and  fall  seasons. 
Decline  during  t'le  winter  montlis  is  a  result  of  the  subsurface  movement  of  water  in 
the  zone  of  saturation.  Groundwater  is  discharged  throughout  the  year  by  seepage 
and  spring  discharge  along  the  North  Saskatchewan  River  valley  v/here  the  aquifers 
crop  out  along  the  valley  sides. 

Aquifer  Evaluation  of  Unit  A 

The  aquifer  evaluation  program  consisted  of  three  phases:  (1)  test  drill¬ 
ing,  (2)  well  completion,  and  (3)  pump  testing. 

Test  drilling  is  probably  the  most  important  part  of  a  program  of  aquifer 
evaluation  because  it  establishes  the  existence  and  location  of  the  aquifer  and  pro- 
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Figure  37.  Tof-al  weekly  precipitation  and  hydrographi  for  Devon  Observation  Well  No. 
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FIcure  58.  Monti. -enc!  .voter  level  In  a  lorye-diorne  ter  shallow 
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vides  sctrnjDles  of  the  aquifer  at  the  point  where  the  well  Is  constructed.  The  success 
of  well  design  depends  principally  on  the  representativeness  of  samples  of  the 
aquifer  materia!  obtalneah  Care  In  sampling  cannot  be  over-ernphaslzed.  Informa¬ 
tion  from  test  drilling  also  Indicaies  the  type  of  aquifer  present  and  the  hydrogeolo- 
gic  boundaries  that  are  associated  v-zlth  It,  If  any.  The  number  of  observation  wells 
necessary  In  a  pumping  test  to  properly  evaluate  the  potential  of  an  aquifer  Is  based 
on  the  type  of  aquifer  and  on  the  probable  hydrogeologic  boundaries  present. 

Three  test  holes,  65-1,  65-2,  and  65-3,  were  drilled  to  locate  and  prove 
the  existence  of  the  burled  valley.  Test  holes  65-1  and  65-2  were  on  the  edge  of 
the  burled  valley  or  on  higher  level  terraces  adjacent  to  It.  Test  hole  65-3  was  situ¬ 
ated  In  the  burled  valley  (Figs.  4  and  7).  A  fourth  test  hole  (65-4)  was  drilled  at  a 
later  date  by  V.  A.  Carlson  of  the  Groundvrater  Division,  Reseorch  Council  of 
Alberta.  This  test  hole  was  also  In  the  burled  valley  (Figs.  4  and  7). 

On  the  basis  of  ihls  Inforrnatlori  It  was  decided  to  complete  a  well  at  test 
hole  65-3  using  the  samples  obtained  during  test  drilling  for  the  purpose  of  v/ell 
design.  The  evaluation  of  an  aquifer  v/Ith  two  barrier  boundorles  requires  at  least 
three  observation  wells  to  locate  "effective"  barrier  boundaries  from  pumping  test 
data  (Vv^alton,  1962).  The  boundaries  are  called  "effective"  boundaries  because 
they  are  In  reality  hypothetical  but  they  reflect  the  presence  of  a  comiplex  feature 
of  nature. 

Completion  of  Pumping  and  Observation  Wells 

Well  completion  consists  of  three  steps:  (1)  well  design,  (2)  well  con¬ 
struction,  and  (3)  v/ell  development.  Each  step  Is  equally  Important  but  well  develop¬ 
ment  Is  the  one  that  is  often  neglected.  Ahrens  (1957)  presented  complete  well  design 
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criteria  based  on  case  histories  of  high  capacity  wells  In  the  v/estern  United  States. 
However,  these  design  criteria  are  applicable  anywhere.  Well  design  essentially 
involves  the  choice  of  casing  diameter  and  well  screen  diameter,  length  and  slot  size. 
The  selection  of  a  "gravel"  pack  may  also  be  required,.  Screen  slot  size  Is  based  on 
the  grain  size  distribution  analysis  of  the  aquifer  material  If  no  pack  Is  used.  If  a 
pack  Is  used  the  slot  size  Is  based  on  the  size  of  the  pack  tr.aterlal  and  the  selection 
of  pack  material  Is  based  on  the  analysis  of  the  aquifer  material . 

A  slot  size  of  0.008  Inches  In  width  was  required  for  optimum  well  design 
according  to  Ahrens'  (1957)  criteria.  This  slot  size  would  retain  about  75  per  cent 
of  the  aquifer  material  .  The  relatively  uniform  grain  size  distribution  of  the  aquifer 
material  and  the  thickness  of  the  aquifer  made  It  possible  to  depart  somewhat  from 
Ahrens'  design  criteria  and  a  slot  width  of  0.010  Inches  was  used  instead.  This 
v/ould  retain  about  50  per  cent  of  the  aquifer  material  .  Optimum  well  design  for 
the  aquifer  materials  also  requires  that  a  uniform  grain-size  pack  be  used  according 
to  Ahrens  (1957)  but,  for  economic  reasons,  a  pack  was  not  used. 

The  length,  diameter,  and  type  of  v/ell  screens  used  in  the  construction 
of  the  wells  are  Illustrated  In  figure  39,  as  are  the  sizes  of  casings  used. 

Where  an  observation  v/ell  Is  open  to  only  part  of  an  aquifer,  partial 
penetration  effects  may  distort  the  drawdown  In  the  well  and  complicate  the  inter¬ 
pretation  of  the  pumping  test  data  .  To  avoid  this  wells  are  usually  placed  at  a  dis¬ 
tance  from  the  pumping  well  at  which  partial  penetration  effects  become  negligible. 
Walton  (1962)  presented  criteria  for  determining  this  distance.  The  locations  of 
observation  wells  with  respect  to  the  pumping  well  are  shown  on  figure  40. 

Development  involves  the  process  of  surging  water  back  and  forth  through 
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Figure  3V.  Graplilc  log's  and  completion  details  of  production  well  and  o^  servation 
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the  well  screen  in  order  to  stabilize  the  materials  surrounding  the  screen.  The  surg¬ 
ing  removes  fine  particles  from  the  aquifer  material  in  the  vicinity  of  the  well  and 
ci'eates  an  envelope  of  material  v/hich  grades  from  coarse  material  next  to  the 
screen  to  the  gross  size  of  the  aquifer  materials.  This  creates  a  stable  condition 
resulting  in  a  sand-free  v/ell,  regardless  of  the  rate  at  which  the  well  is  pumped  in 
the  future.  Well  development  In  the  wells  was  accomplished  with  the  use  of  a  bailer 
and  a  solid  surge  block. 

Bailing  Test  and  Pumping  Test 

Basic  oquifer-testing  procedures  have  been  outlined  by  Jones  (1963)  and 
the  procedures  are  essentially  those  followed  during  the  present  aquifer  investigation. 
A  90~minute  bailing  test  was  carried  out  in  the  pumping  well  at  20  imperial  gallons 
per  minute  and  tirne-di'av/down  and  time-recovery  measurements  were  taken  in  obser¬ 
vation  well  1  .  The  graph  of  drawdown  and  recovery  of  water  levels  in  observation 
well  1  during,  the  bail  test  is  plotted  on  figure  41  . 

From  the  bail -test  data  approximate  drav/dov/ns  in  the  observation  v/ells 
that  would  take  place  at  the  rate  the  production  v/ell  would  be  pumped  during  the 
pumping  test  were  calculated.  This  information  was  required  to  estimate  the  length 
of  cable  necessary  to  set  up  float-type  automiatic  v/ater-level  recorders  on  observa¬ 
tion  wells  1  and  2  to  measure  time-drav/down  and  time-recovery  of  water  levels 
during  the  pumping  teste  The  water  levels  in  observation  v/ell  3  v/ere  measured 
manually.  The  discharge  rate  of  the  pumping  well  was  measured  using  a  45-gaIlon 
drum  with  a  flap-valve.  The  time  necessary  to  fill  the  drum  with  water  was  recorded 
with  a  stop  v/atch.  Plate  8  shows  the  pumiping  test  in  progress.  Water  was  discharged 
in  a  nearby  perennial  creek.  The  low  permeability  of  lacustrine  clays  and  tills  over- 
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Figure  .  Graph  of  drawdown  and  recovery  of  water  level  in  Observation  Wei  I  No .  I ,  Bail  Test  No .  I 
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lying  the  aquifer  and  the  length  of  the  pumping  test  suggest  that  water  in  the  creek 
would  not  affect  the  drav/down  of  water  levels  in  the  observation  v/el!s. 

The  pumping  test  was  conducted  for  60.5  hours  at  an  average  rate  of  76.4 
imperial  gallons  per  minute.  The  maximum  variation  in  pumping  rate  was  4  per  cent. 

The  time-drawdown  data  in  observation  v/ells  1,  2,  and  3  are  plotted  on 
figures  42,  43,  and  44,  respectively.  Time-drawdown  and  time-recovery  data  for 
the  pumping  v/e!l  are  plotted  on  figure  45. 

Theory  of  Aquifer  Testing  and  Pumping-Test  Data  Analysis 
The  Nonequil ibrium  or  Type-Curve  Method 


Theis  (1935)  introduced  the  nonequilibrium,  equation  in  the  form 
114.6QW(u) 
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10  100  1000 
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TIME  AFTER  PUMPING  STOPPED  (  +  ') 

Figure  45.  Graph  of  drawdown  and  recover/  of  water  level  in  the  pumping  we  1 1  (T.H.65-3) 
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W(u)  is  known  as  the  "well  function."  The  equation  s  - 
is  also  known  as  the  nonleaky  artesian  formula.  Hantush  and  Jacob  (1955)  derived 
the  leaky  artesian  equation.  This  equation  differs  from  the  nonleaky  artesian 
euqation  by  the  introduction  of  a  complicated  "well  function  for  leaky  artesian 
aquifers"  which  Is  written  W(u,r/B)  where 
r/B  =  r/ ') 

P'  -  coefficient  of  vertical  permeability  of  the  semiconfining  bed,  in 
imperial  gallons  per  day  per  square  foot  (igpd/sq  ft) 
m'  =  thickness  of  confining  bed  through  which  leakage  occurs,  in  feet 
Walton  (1962)  plotted  values  of  W(u,r/B)  versus  1/u  on  log-log  paper. 
These  curves  are  known  as  the  "nonsteady  state  leaky  artesian-type  curves." 

Solution  of  purnping-test  data  is  accomplished  by  plotting  the  field  data  of  draw- 
dov/n  versus  time  on  log-log  paper  and  placing  the  graph  over  the  nonsteady  state 
leaky  artesian-type  curves  until  a  best  fit  is  obtained.  Appropriate  match  point 
coordinates  of  W(u,r/B),  1/u,  s,  ond  tare  placed  In  equations  (1)  and  (2)  above 
to  determine  values  of  transmissivity  and  storage  coefficients. 

Bukhari  et  al.  (1968)  developed  a  computer  program  in  which  iterative 
adjustment  of  B  takes  place  until  observed  and  predicted  drawdowns  m.atch  with 
some  specified  limit  of  accuracy.  The  T  and  S  values  used  in  the  program  are  calcu¬ 
lated  from  early  time-drawdown  data  assuming  that  part  of  the  data  is  unaffected  by 
boundaries  or  leakage  .  These  val ues  are  ca Iculated  for  obsei  vatlon  wells  1,  2,  and 
3  on  figures  42,  43,  and  44,  respectively.  It  v/as  necessary  to  calculate  T  and  S 
in  this  manner  from  the  pumping  test  data  because  the  tendency  of  the  tim.e-drawdov/n 
curve  in  the  pumping  v/eli  to  flatten  (Fig.  45)  and  calculation  of  image  well  effects 
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at  the  pumping  test  site  show  that  barrier  boundary  effects  and  leakage  effects  are 
both  present  in  the  time-drav/down  data  for  the  observation  wells.  This  excludes 
the  possibility  of  standard  curve-matching  solutions  for  the  location  of  effective 
barrier  boundaries  and  the  leakoge  factor  B.  The  leakage  factor  B  is  defined  os 


B  - 


Pmm ' 

“pi— 


2 

where  P  -  the  coefficient  of  permeability  of  the  miain  aquifer  in  igpd/ft^ 

P’  "  the  coefficient  of  vertical  permeability  of  the  serniconfining 

2 

stratum  in  gpd/ft 

m  "  thickness  of  the  main  aquifer  in  feet 

m'=  thickness  of  the  serniconfining  stratum  in  feet. 

The  locations  of  the  effective  barrier  boundaries  had  to  be  established  as  accurately 
as  possible  as  this  information  was  also  required  for  the  computer  analysis.  The 
locations  of  the  boundaries  were  estimated  on  a  basis  of  the  available  geological 
information  and  the  limits  of  a  hypothetical  infinite-strip  aquifer  system  are  shown 
on  figure  46.  The  geological  information  sliov/ed  that  1)  the  south  wall  of  the  buried 
valley  is  situated  sornev/here  between  test  holes  65-2  and  65-3,  2)  the  north  wall  is 
situated  between  test  hole  65-4  and  a  point  approximately  3/4  of  a  mile  north  of  test 
hole  65-4,  and  3)  the  course  of  the  buried  valley  is  in  a  northeasterly  direction. 

This  estimate  of  boundary  locations  proved  to  be  excellent  os  the  time-drav/down 
data  for  each  observation  well  calculated  In  the  computer  analysis  fitted  the  field 
data  very  accurately  (Figs.  42,  43,  and  44).  The  close  agreement  of  calculated 
data  with  field  data  is  probably  a  consequence  of  the  steep-v/al led  character  of 
the  burled  valley  which  results  in  hypothetical  boundaries  being  effectively  coin¬ 
cident  with  the  actual  hydrogeologic  boundaries.  The  average  calculated  value  of 
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Figure  •  Limits  of  a  hypol-fietical  aquifer  system  based  on  geologic  information 
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B  v/as  3,338  feet.  This  vaiue  of  B  and  average  values  of  11,915  gpd/ft  for  T  and 
-4 

4.30  X  10  for  S  were  used  to  calculate  by  computer  analysis  drawdown  at  radial 
distances  up  to  10,000  feet  from  a  single  well  pumping  continuously  at  various  rates 
fora  20-year  period  (Figo  47).  The  distance-drawdown  curves  show  the  drawdov/n 
for  a  well  with  an  effective  radius  of  1  foot  and  an  efficiency  of  100  per  cent.  An 
efficiency  of  100  per  cent  means  no  head  loss  in  the  Vv'ell  results  from  the  friction 
of  water  moving  through  the  screen  slots  and  inside  the  well  . 

The  Modified  Nonleaky  Artesian  Equation  or  Straight  Line  Method 

Jacob  (1946)  recognized  that  when  u  becomes  small  (less  than  0.01)  the 
sum  of  the  terms  in  VV(u)  beyond  the  natural  logarithm  of  u  becomes  insignificant. 
Cooper  and  Jacob  (1946)  derived  the  equations  listed  below  for  calculating  T  and  S. 

T  ^  264Q/AS 
Tt 

5748r 

where  As  ==  drawdown  difference  per  log  cycle,  in  feei,  and  t^  =  ihe  Intersection  of 
the  straight-line  slope  with  ihe  zero  drcvv'down  axis,  in  minutes. 

Field  data  are  plotted  on  semi-log  paper  for  a  graphical  solution  of  T  and 
S.  The  graphs  of  tirne-drav/down  and  time-recovery  for  observation  well  No.  1,  bail¬ 
ing  test  No.  1,  are  plotted  on  figure  41  .  Rough  estimates  of  T  and  S  are  also  shown  on 
the  figure.  These  values  were  reasonably  good  ones  for  first  estimates  of  T  and  S  based 
on  a  90-minutc  bail  test.  The  time-drav/down  plot  (Fig.  41)  also  indicates  leakage 
effects.  Only  a  value  of  T  can  be  coiculated  for  the  pumping  well  because  i  is  not 
known.  The  time-drawdown  plot  for  the  pumping  well  also  Inalcates  leakoge  effects 

(Fig.  45). 
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Permeabiiity  of  the  Aquifer 

1  ransmissivify  is  related  to  permeability  by  the  equation  T  =  mP,  v/here  m 
equals  the  saturated  thickness  of  the  aquifer  in  feet  and  P  is  the  coefficient  of  perrne- 
ability  of  the  aquifer  in  imperial  gallons  per  day  per  square  foot  (igpd/sq  ft).  An 
average  value  for  P  of  160.5  gpd/sq  ft  was  calculated  from  tlie  pumiping  test  data. 
Vertical  Permeability  of  the  Leakage  Bed 

Although  P'  is  defined  as  the  coefficient  of  vertical  perm.eabi lity  of  the 
confining  bed  overlying  the  aquifer,  it  is  here  considered  to  be  the  coefficient  of 
vertical  permeability  of  the  leakage  bed  v/hich  at  the  pumping  test  site  consists  of 
Units  B  and  C.  The  average  value  of  P'  calculated  fiom  the  pumping  test  data  wos 
0. 035  igpd/sq  ft. 

Safe  Yield  of  the  Pumping  Vv^eli 

Safe  yield  is  here  defined  as  the  rate  at  which  the  pumping  well  can  be 


pumped  continuously  for  a  20-year  period  without  drawing  the  water  level  in  the  well 
below  the  top  of  the  aquifer.  This  rale  is  calculated  for  the  pumping  well  using  the 


straight-line  plot  of  tiriie-diciwdowri  and  the  equation  Q 


s  s 


20 


,  where 


=  the  safe  pumping  rate  in  Imperial  gallons  per  minute  (igprn) 

Sj.  =  the  total  available  drawdov/n  in  feet.  This  is  equal  to  the 

difference  between  the  top  of  the  aquifer  and  the  nonpumping 


water  level  in  the  well. 


$20  the  total,  in  feet,  of  drav/dov/n  over  7  log  cycles  (about  20  years) 
and  the  value  of  drav/down  found  by  extrapolating  the  straight 
line  to  time  equal  to  one  minute. 

The  value  calculated  for  the  safe  pumping  rate  of  the  pumping  well  was 


82  igpm.  the  calculation  is  shov/n  on  figure  45. 
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Well  Fie  id  Development 

The  safe  yield  of  any  single  v/ell  v/il!  have  lo  be  adjusted  for  each  and 
every  additional  well  that  is  completed  in  the  buried  valley  aquifer.  This  adjust¬ 
ment  in  pumping  rate  v/ould  depend  on  the  number  of  v/ells  in  a  well  field,  the 
spacing  of  tlie  v/e!ls,  and  the  location  of  the  v/eils  in  the  buried  valley  aquifer.  In 
general,  the  average  safe  rate  for  each  v/ell  v/ould  decrease  with  an  increasing  num¬ 
ber  of  wells  in  the  field. 

For  each  new  well  site  a  pumping  test  should  be  carried  out  to  determine 
T,  S,  and  boundary  conditions  at  the  site,  particularly  for  high  capacity  wells  from 
which  long-term  production  is  desired. 

Summary  of  Groundwater  Availability 

Sands  of  Unit  A  In  the  buried  valleys  are  the  best  aquifers  in  the  area. 

A  pumping  test  carried  out  on  a  well  completed  in  the  buried  valley  aquifer  indi¬ 
cates  it  v/il  I  yield  quantities  of  water  up  to  at  least  82  gal  Ions  per  minute  to  a  pro¬ 
perly  completed  well.  The  well  could  be  pumped  continuously  at  this  rate  for  20 
years  witliout  drav/ing  the  water  level  below  the  top  of  the  aquifer.  The  sands  In 
the  buried  valley  are  usually  encountered  at  depths  of  more  than  100  feet  below  sur¬ 
face.  The  natural  fluid  potential  drops  in  the  aquifer  from  the  southwest  to  the 
northeast  in  the  area,  indicating  the  aquifer  is  being  drained  along  the  North 
Saskatchewan  River  to  the  northeast  at  a  point  where  the  present  river  valley  inter¬ 
sects  deposits  in  the  buried  valley. 

Unit  C  contains  sand  aquifers  in  v/hich  wells  can  be  completed  that 
would  produce  5  to  15  gallons  per  minute.  The  more  permeable  sand  aquifers  in 
this  unit  are  usually  a  fev/  feet  in  thickness  and  are  encountered  In  the  depth  range 
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from  50  to  150  feef  below  surface  In  the  area. 


Units  E  and  F  contain  the  poorest  aquifers  which  are  found  at  depths  less 
than  50  feet  below  surface.  Wells  completed  in  these  aquifers  will  yield  up  to  5 
gallons  per  minute  but  long  periods  of  pumping  v/IIl  probably  resull  in  aquifer  deple¬ 
tion.  Wells  completed  in  aquifers  In  Units  E  and  F  were  observed  to  show  marked 
fluctuations  of  water  level  in  response  to  the  seasons  and  to  heavy  periods  of  rain¬ 
fall. 


Recommendations 

Accurate  logs  and  samples  of  materials  penetrated  during  drilling  and 
electric  logging  of  test  holes  will  enable  proper  completion  of  wells  drilled  In  sur- 
ficial  deposits  of  the  area.  Water  v/el  Is  that  are  designed,  constructed,  and  devel¬ 
oped  properly  should  be  sand  free  and  give  long  service  lives. 

Thorough  test  drilling  and  aquifer  eva!  uation,  by  pump  testing  should 
preceed  the  Installation  of  high  capacity  wells  In  the  burled  valley  aquifers. 

Proper  well  design,  construction,  and  development  are  Imperative  If  long  periods  of 
continuous  pumping  at  high  rates  are  desired. 

The  spacing  and  number  of  wells  Installed  In  a  well  field  producing  from 
the  burled  valley  aquifer  must  be  carefully  planned  and  based  on  sound  geologic 
and  hydrologic  data. 
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Plate  la  .  Drive  sampler 


Plate  lb.  Drive  sampler  cores  showing  boundary 
between  glaciolacustrine  and  till 
deposits 
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Plate  2a.  View  of  North  Saskatchewan  River  section  showing 
stratigraphic  positions  of  Units  A  to  F .  Unit  E3  is 
about  14  feet  thick. 


Plate  2b 


Lower  part  of  Unit  A  overlying  bedrock  deposits. 
The  prominent  pebble  layer  is  about  6  inches  thick 
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Plate  3a.  Unit  B  overlying  Unit  A. 


Plate  3b.  Depression  in  Unit  B  filled  with  deposits  of 
Unit  C.  The  red  pencil  is  six  inches  long. 
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Plate  4a. 


Glacial 
Unit  A. 


meltwater  channel  cut  into 
Unit  B  has  been  eroded  at 


the  top  of 
this  position. 


Plate  4b.  Block  of  bedded  silts  in  glaciofluvial  sands 
and  gravel  of  Unit  C. 
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Plate  5.  Till  of  Unit  D 
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Plate  6.  Deformed  beds  in  lower  part  of  Unit  E  (El) 


-X-  1 
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Plate  7a.  Middle  part  of  Unit  E  (E2)  containing  ice-rafted 
material .  The  large  concretion  in  the  lower 
right  corner  of  the  photo  is  about  1  foot  long. 


Plate  7b.  Rhythmically  bedded  sediments  in  upper  part  of 
Unit  E  (E3)  and  Unit  F. 
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Plate  8.  Pumping  test  at  test  hole  65-3. 
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APPENDIX  A. 


HYDROMETEPv  ANALYSES  OF  SURFlCiAL  DEPOSITS 


Sample  No.  RS  Unit  B 

50'  Belov/  surface 
Sample  Wt.  50  g. 


Percentage 


Hydrometer  Composite  Corrected  remaining  Diameter 
Time  reading  correction  reading  in  in  Temp. 

elapsed _ _ _ _ (C==  A-  B)  suspension  m.m  °C 


15  sec. 

42.5 

5.0 

37.5 

75.0 

.087 

20 

30 

40.  1 

5.0 

35.1 

70.2 

.063 

20 

1  min. 

38.0 

5.0 

33.0 

66,0 

.045 

20 

2 

36.  1 

5.0 

31.1 

62.2 

.032 

20 

4 

35.  1 

5.0 

30.1 

60.2 

.023 

20 

8 

32.8 

5.0 

27.8 

55.6 

.0165 

20 

15 

31.9 

5.0 

26.9 

53.8 

.0122 

20 

30 

29.9 

5.0 

24.9 

49.8 

.0087 

20 

1  hr. 

28.0 

5.0 

23.0 

46.0 

.0062 

20.4 

2 

26.2 

4.4 

21.8 

43.6 

.0044 

20.6 

4 

25.3 

5.0 

20.3 

40.  6 

.00315 

20,5 

8 

24.5 

5.  1 

19.4 

38.8 

. 00225 

20.2 

24 

22.8 

5.5 

17.3 

34.6 

.0013 

19.5 

Retained  ori  Sieve 

Sample  v/t. 

Cumulotive  v/t. 

Cumulative  v/t. 

Mesh  No. 

Size  (mrn) 

(grams) 

(grams) 

(per  cent) 

60 

.250 

2.41 

2.41 

4.  82 

80 

.177 

1.90 

4.31 

8.62 

120 

.125 

2.57 

6.88 

13.76 

170 

.080 

2.60 

9.48 

18.96 

230 

.063 

2,47 

11.95 

23.90 

PAN 

.40 

12.35 

24.70 

Other  Data: 

Percenlage  Sand 

23.9 

Sand  Sample 

V/t.  12.79  g. 

Percentage  Silt 

38.  1 

*  Percentage  Clay 

38.0 

Textural  Designation 

Clay  Loam 

*less  than  2  microns 
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Sample  No.  RS  Unit  C 

46'  Below  surface 
Sample  V/t.  50  g. 


Time 

elapsed 

Hydrometer 

reading 

(A) 

Composite 

correction 

(B) 

Corrected 

reading 

(C=A-B) 

Percentage 

remaining 

in 

suspension 

Diameter 

in  Temp, 

mm  .  C 

15  sec. 

28.8 

3.8 

25.0 

50.0 

.093  22.0 

30 

25.4 

CO 

• 

00 

21.6 

43.2 

.067  22.0 

1  rnin. 

22.8 

3.8 

19.0 

38.0 

.043  22.0 

2 

19.3 

3.8 

15.5 

31.0 

.035  22.0 

4 

16.3 

3.8 

12.5 

25.0 

.025  22.0 

8 

15.5 

3,8 

11.7 

23.4 

.018  22.0 

15 

13.6 

3.8 

9.8 

19.6 

.013  22.0 

30 

12.3 

3.9 

8.4 

16.8 

.0094  22.1 

1  hr. 

10.9 

3.9 

7.0 

14.0 

.0067  22.1 

2 

10.0 

4.  1 

5.9 

11.8 

.0047  22.6 

4 

9.  1 

4.0 

5.1 

10.2 

.00336  22.8 

8 

8.2 

3.7 

4.5 

9.0 

.0024  23.0 

24 

8.0 

4.3 

3.7 

7.4 

.0014  21.3 

Retained 

on  Sieve 

Sample 

5  wt.  Cumulative  wt. 

Cumulative  v/t. 

Mesh  No. 

Size  (mm) 

(grams) 

(grams) 

(per  cent) 

60 

.250 

4.  92 

4.-92 

9.84 

80 

.177 

5.52 

10.44 

20.  88 

120 

.125 

6.02 

16. 46 

32.92 

170 

.080 

5.  13 

21.59 

43.  18 

230 

.063 

4.79 

26.38 

52.76 

PAN 

0.65 

27.03 

54.  06 

Other  Data: 

Percentage  Sand 

52.8 

Sand  Sample  Wt.  27.09  g. 

Percentage  Silt 

39.4 

*Percentage  Clay 

7.8 

Textural  Designation  Sandy  Loam 

*Iess  than  2  microns 
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Sample  No.  RS  Unit  C 

55'  Below  surface 
Sample  VVf.  50  g. 


Time 

elapsed 

Hyd  rometer 
reading 

(A) 

Composite 
correcti  on 

(B) 

Corrected 

reading 

(C=A-B) 

Percentage 

remaining 

in 

suspension 

Diameter 

in 

mm 

Temp. 

°C 

15  sec. 

40.7 

4.0 

36.7 

73.4 

.085 

21.9 

30 

34.4 

4.0 

30.4 

60.8 

.  062 

21.9 

1  min. 

28.8 

4.0 

24.8 

49.6 

.046 

21.9 

2 

21.8 

4.0 

17.8 

35.6 

.034 

21.9 

4 

16.3 

4.0 

12.3 

24.6 

.025 

21.9 

8 

14.1 

3.9 

10.2 

20.4 

.018 

21.9 

15 

12.4 

3.8 

8.6 

17.2 

.013 

21.9 

30 

11.2 

3.5 

7.7 

15.4 

.0095 

22.0 

1 

10. 1 

3.8 

6.3 

12.6 

.0067 

22.0 

2 

9.3 

3.8 

5.5 

11.0 

.0048 

22.4 

4 

8.2 

4.1 

4.1 

8.2 

.0034 

22.8 

8 

7.7 

3.8 

3.9 

7.8 

.0024 

23.0 

24 

7.5 

4.2 

3.3 

6.6 

.0014 

21.0 

Retained  on  Sieve 

Mesh  No.  Size  (mm) 

Sample  v/t. 
(grams) 

Cumulative  wt. 
(grams) 

Cumulative  wt. 
(per  cent) 

60 

.250 

0.21 

.21 

.42 

80 

.177 

0.30 

.51 

1.02 

120 

.125 

1.40 

1.91 

3.82 

170 

.080 

5.06 

6.97 

13.94 

230 

.063 

9.  57 

16.54 

33.08 

PAN 

2.90 

19.44 

38.88 

Other  Data: 

Percentage  Sand 

33.0 

Sand  Sample  Wt.  19.61  g. 

Percentage  Silt 

60.0 

*Percentag8  Clay 

7.0 

Textural  Deslgnallon 

Silt  Loam 

*less  than  2  microns 


) 


'J  jl.ni  .oVl 

,’j5  (Si  ,tv-’ 


0  *•?>  .$  .'  .  -iiy 

>■  •  :;  ■ 


f 


>v  t 


.  t 

"JOL. 


Jw  dV'M  .'<L‘rt1uD 


im 


so.f 


C  Cf. 

OA 

'  t ,  2 


Qrjtrrfr^^Si 

t  •  rr>'5r^O 

ot?  •'•■<yi»c»D 

inf^atmontsyH 

ftf 

C  ' 

nait^if-noo 

i^nffcbe^ 

t>i(r 

’'t 

.«iL  - 

m. 

ji'.ex 

0> 

\.<Si- 

im. 

0  0«?> 

^.rtc 

6> 

i.ie 

A,<?^ 

a>5 

i>> 

^■xs 

Xf'O. 

6.M 

0Af 

o> 

>,‘f$ 

ew. 

eAf 

0.^ 

d  ,'ot 

fifO. 

^.os: 

i.Of 

1  >r 

KfO. 

SAr 

6,0 

8  A 

rrjO, 

,d; 

KA 

^.-rr 

K^OO. 

d  ,-?r 

^.6 

3.e 

[  .ar 

ei'dQ, 

a.rf 

2..^  * 

e.e 

RA 

i4500. 

i.a 

t  th 

r  > 

^S60. 

8  A 

1.€ 

•^A 

^  f  00 . 

8. a  .. 

:  A 

smiT  i 
^;cjbp 


» 

OV-J  (t^k'AilW 


-  •  '  »:• 

jw  ol<^.o2  :"*>t2l  r>(jr'fc»jw‘ 

^  -  - —  ~'*nr~nt,  Bi^g  ■  ll■^li^hliBr 


n. 

t?r- 

!«?,!■ 

vr.^r 


n.o 

oe.o 

os-.r 

bf'  ‘  tC 

\1L,R 

JV.i 


()r<, 

KS‘I , 
csr. 

'  c^ao. 

SdO, 


>«4liMi 


I>nti2  dt^orn 
!*|4  :r®J ' 


;att)CI  torfici 
‘'W  bm 


’  J 


T"-.CTT  "rr^TW 


108 


Sample  No.  RS  Unit  D 

39'  Below  surface 


Sample  Wt.  50  g. 

Time 

elapsed 

Hydrometer 

reading 

(A) 

Composite 
correcti  on 

(B) 

Corrected 

reading 

(C-A-B) 

Percentage 

remaining 

in 

suspension 

Diameter 

in 

mm 

Temp. 

"C 

15  sec. 

32.7 

3.7 

29.0 

58.0 

.091 

21.9 

30 

29.8 

3.7 

26. 1 

52.2 

.065 

21.9 

1  min. 

27.6 

3.7 

23.9 

47.8 

.047 

21.9 

2 

24.6 

3.7 

20.9 

41.8 

.034 

21.9 

4 

22.5 

3.5 

19.0 

38.0 

.024 

22.0 

8 

21,0 

3.5 

17.5 

35.0 

.017 

22.0 

15 

19.1 

3.9 

15.2 

30.4 

.013 

22,0 

30 

17.3 

3.8 

13.5 

27.0 

.0091 

22.0 

1  hr. 

15.9 

3.9 

12.0 

24.0 

.0065 

22.1 

2 

14.9 

4.0 

10.9 

21.8 

.0046 

22.5 

4 

13.5 

4.  1 

9.4 

18,8 

.0033 

22.7 

8 

12.4 

3.8 

8.6 

17.2 

.0023 

23.0 

24 

11.9 

4.6 

7.3 

14.6 

.0014 

21.0 

Retained 
Mesh  No. 

on  Sieve 

Size  (mm) 

Sample  v/t. 
(grams) 

Cumiulatlve  wt. 
(grams) 

Cumulative  wt. 
(per  cent) 

60 

.250 

6.69 

6.69 

13.38 

80 

.177 

3.45 

10.  14 

20.28 

120 

.125 

4.  05 

14. 19 

28.38 

170 

.080 

3.91 

18.10 

36.  20 

230 

.063 

3.80 

21.90 

43.80 

PAN 

0.52 

22.42 

44.  84 

Other  Data: 

Percentage  Sand 

44.0 

Sand  Sample  Wt.  22.49  g. 

Percentage  Silt 

40.0 

*Percentage  Clay 

16.0 

Textural  Designation 

Loam 

*less  than  2  microns 
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Sample  No.  R5  Unit  E 

12'  Below  surface 
Sample  Wt.  50  g. 


Percentage 


Hydrometer 

Composite 

Corrected 

remaining 

Diameter 

Time 

reading 

correct!  on 

reading 

in 

in 

Temp, 

elapsed 

(A) 

(B) 

(C-A-B) 

suspension 

mm 

X 

15  sec. 

54.0 

5.0 

49.0 

98.0 

.079 

20.0 

30 

52.3 

5.0 

47.3 

94.6 

.056 

20.0 

1  min. 

51.4 

5.0 

46. 4 

92.8 

.040 

20.0 

2 

49.2 

5,0 

44.2 

88.4 

.029 

20.0 

4 

43.9 

5.0 

38.9 

77.8 

.0215 

20.0 

8 

35.6 

5.0 

30.6 

61.2 

.016 

20.0 

15 

29.0 

5.0 

24,0 

AS.O 

.0124 

20.0 

30 

24.2 

5.0 

19.2 

38.4 

.0091 

20.0 

1  hr. 

21.2 

5.0 

16.2 

32.4 

.0065 

20.3 

2 

18.8 

4.6 

14.2 

28.4 

.0046 

20.6 

4 

17.9 

4.5 

13.4 

26.8 

.0033 

20.5 

8 

17.4 

5.1 

12.3 

24.6 

.00235 

20.2 

24 

16.5 

5.8 

10.7 

21.4 

.0014 

19.4 

Retained 

on  Sieve 

Sample 

wt.  Cumulative  Vv^t. 

Cumulative  wt. 

Mesh  No. 

Size  (rnm) 

(grams) 

(grams) 

(per 

cent) 

230 

.063 

.08 

• 

08 

.16 

Percentage  Sand  .2 

Percentage  Silt  77.9 

*  Percentage  C  lay  21.9 

Textural  Designation  Silt  Loam 


*less  than  2  microns 
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Sample  No.  RS  Unit  E 

31  ’  Be  low  surface 
Sample  Wt.  50  g. 


Time 

elapsed 

Hyd  rometer 
reading 

(A) 

Composite 

correction 

(B) 

Corrected 

reading 

(C-A-B) 

Percentage 

remaining 

in 

suspension 

Diameter 

in 

mm 

Temp. 

°C 

15  sec. 

53.4 

3.9 

49.5 

99.0 

.076 

22.1 

30 

51.0 

3.9 

47.1 

94.2 

.055 

22.1 

1  min. 

48.2 

3.9 

44.3 

88.  6 

.040 

22. 1 

2 

42.7 

3.9 

38.8 

77.6 

.030 

22.1 

4 

33.8 

3.9 

29.9 

59.8 

.0225 

22.  1 

8 

27.2 

3.9 

23.3 

46.6 

.017 

22.  1 

15 

20.3 

3.8 

16.5 

33.0 

.0127 

22.3 

30 

16.2 

4.0 

12.2 

24.4 

.0092 

22.4 

1  hr. 

13.8 

4.  1 

9.7 

19.4 

.0066 

22.6 

2 

12.4 

4.0 

8.4 

16.8 

.0047 

22.7 

4 

11.7 

4.0 

7.7 

15.4 

.  0033 

23.0 

8 

10.7 

3.7 

7.0 

14.0 

.00235 

23.0 

24 

9.8 

4.6 

5.2 

10.4 

.0014 

21.7 

Retained 

on  Sieve 

Sample  wt. 

Cumulative  v,'t. 

Cumulative  wt. 

Mesh  No. 

Size  (mm) 

(grams) 

(grams) 

(per  ceni) 

230 

.063 

0.41 

0.41 

.82 

Percentage  Sand 

0.8 

Percentage  Silt 

85.7 

Percentage  Clay 

13.5 

Textural  Designation 

Silt  Loam 

*less  than  2  microns 
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Sample  Noj  RS  Unit  F 

4'  Below  surface 
Sample  Wt.  50  g. 


Time 

elapsed 

Hyd  rometer 
reading 

(A) 

Composite 

correction 

(B) 

Corrected 

reading 

(C-A-B) 

Percentage 

remaining 

in 

suspension 

Diameter 

In 

mm 

Temp. 

°C 

15  sec. 

43.5 

4.0 

39.5 

79.0 

.083 

22.5 

30 

35.5 

4.0 

31.5 

63.0 

.063 

22.5 

1  min. 

27.  1 

4.0 

23.1 

46.2 

.047 

22.5 

2 

21.0 

4.0 

17.0 

34.0 

.0345 

22.5 

4 

17.1 

4.0 

13.1 

26.2 

.0225 

22.5 

8 

15.6 

4.0 

11.6 

23.2 

.018 

22.5 

15 

14.4 

4.0 

10.4 

20.8 

.013 

22.5 

30 

13.6 

4. 1 

9.5 

19.0 

.0093 

22.6 

1  hr. 

13.  1 

4.  1 

9.0 

18.0 

.0066 

22.7 

2 

12.4 

4.  1 

8.3 

16.6 

.0048 

22.7 

4 

11.8 

3.9 

7.9 

15.8 

.0033 

23.0 

8 

10.9 

3.8 

7. 1 

14.2 

.00235 

23.0 

24 

10.5 

4.2 

6. 3 

12.6 

.0014 

21.8 

Retained 
Mesh  No. 

on  Sieve 

Size  (mm) 

Sample  wt. 
(grams) 

Cumulative  v/t. 
(grams) 

Cumulative  v/t. 
(per  cent) 

60 

.250 

0.22 

0.22 

0.44- 

80 

.177 

0.62 

0.84 

1.68 

120 

.  125 

1.83 

2.67 

5.34 

170 

.080 

4.  79 

7.46 

14.  92 

230 

.063 

11.05 

18.51 

37.02 

PAN 

1.82 

20.33 

40.66 

Other  Data: 

Percentage  Sand 

37.0 

Sand  Sample  V/t.  20.30  g. 

Percentage  Slit 

49.2 

*Percentage  Clay 

13.8 

Textural  Designation 

Loam 

*less  than  2  microns 
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Sample  No.  T.H.  67-1  Unit  B 
60'  Below  surface 
Sample  Wt.  50  g. 


Time 

elapsed 

Hydrometer 

reading 

(A) 

Composite 

correction 

(B) 

Corrected 

reading 

(C=A-B) 

Percentage 

remaining 

in 

suspension 

Diameter 

in 

mm 

Temp. 

X 

15  sec. 

44.0 

3.6 

40. 4 

80.8 

.085 

19.5 

30 

42.9 

3.6 

39.3 

78.6 

.061 

19.5 

1  min. 

40.5 

3.6 

36.9 

73.8 

.044 

19.5 

2 

38.5 

3.6 

34.9 

69.8 

.032 

19.5 

4 

37.  1 

3.6 

33.5 

67.0 

.0225 

19.5 

8 

35.2 

3.6 

31.6 

63.2 

.016 

19.5 

15 

33.3 

3.7 

29,6 

59.2 

.012 

19.5 

30 

31.2 

3.8 

27.4 

54.8 

.0086 

19.5 

1  hr. 

29.9 

4.0 

25.9 

51.8 

.00615 

19.7 

2 

27.6 

4.0 

23.6 

47.2 

.0044 

20.0 

6 

25.0 

4.  1 

20.9 

41.8 

.0026 

20.5 

8 

24.  1 

4.2 

19,9 

39.8 

.0022 

20.5 

24 

21.9 

4.6 

17.3 

34.6 

.00134 

18.5 

Retained 

on  Sieve 

Sample  wt. 

Cumulative  wt. 

Cumulative  wt. 

Mesh  No. 

Size  (mm) 

(grams) 

(grams) 

(per  cent) 

60 

.250 

2.44- 

2.44 

4.88 

80 

.177 

1.31 

3.75 

7.50 

120 

.125 

2.00 

5.75 

1 1 . 50 

170 

.080 

2.04 

7.79 

15.58 

230 

.063 

2.25 

10.04 

20.08 

PAN 

0.  16 

10.20 

20.  40 

Other  Data: 

Percentage  Sand 

20.  1 

Sand  Samp 

le  Wt.  10.32  g. 

Percentage  Silt 

41.6 

*Percentage  Clay 

38,3 

Textural  Designation 

Clay  Loam 

*less  than  2  microns 
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Sample  No.  T.H,  67-1  Unif  D 

36' -40'  Below  surface 
Sample  Wh  50  g. 


Percentage 


Time 

elapsed 

Hydrometer 

reading 

(A) 

Composite 

correction 

(B) 

Corrected 

reading 

(C-A-B) 

remaining 

in 

suspension 

Diameter 

in 

rnm 

Temp. 

°C 

15 

15  sec. 

37.0 

5.4 

31.6 

63.2 

.090 

21.0 

30 

33.8 

5.4 

28.4 

56.8 

.065 

21.0 

1  min. 

32.0 

5.4 

26. 6 

53.2 

.046 

21.0 

2 

30.  1 

5.4 

24.7 

49.4 

.033 

21.0 

4 

29.0 

5.  1 

23.9 

47.8 

.024 

21.0 

8 

27.1 

5.  1 

22.0 

44.0 

.017 

21.0 

15 

25.6 

5.0 

20.6 

41.2 

.012 

21.0 

30 

23.7 

4.8 

18.9 

37.8 

.0089 

21.0 

1  hr. 

22.  1 

5.0 

17.1 

34.2 

.0064 

21.0 

2 

20.8 

5.3 

15.5 

31.0 

.0045 

21.0 

4 

19.0 

5.0 

14.0 

28.0 

.0032 

21.5 

8 

17.  1 

5.0 

12.1 

24.2 

.0023 

22.0 

24 

16.7 

5.  1 

11.6 

23.2 

.0014 

20.5 

Retained 
Mesh  No, 

on  Sieve 

Size  (nim) 

Sample  wt. 
(grams) 

Cumulative  wt, 
(grams) 

Cumulative  v/t. 
(per  cent) 

35 

.500 

2.41 

2.41 

4.  82 

60 

.250 

4.  30 

6.71 

13.42 

80 

.177 

2.90 

9.61 

19.  22 

120 

.  125 

3.37 

12.98 

25.96 

170 

.080 

2.91 

15.89 

31.78 

230 

.063 

2.86 

18.75 

37.50 

PAN 

.43 

19.18 

38.36 

Other  Data: 

Percentage  Sand 

^  37.  5 

Sand  Sample  Wt.  19.24  g. 

Percentage  Silt 

39.0 

^Percentage  Clay 

23.5 

Textural  Designation 

Loam 

*less  than  2  microns 
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Sample  No,  T.H,  67-1  Unit  E 

6'~12'  Below  surface 


Sample  Wt.  50  g. 

Time 

elapsed 

Elyd  t  ome  ter 
reading 

(A) 

Composite 

correction 

(B) 

Corrected 

reading 

(C=A-B) 

Percentage 

remaining 

in 

suspension 

Diamete  r 
in 

mm 

1 

emp. 

°C 

15  sec. 

49.0 

3.6 

45.4 

90.8 

.082 

19.5 

30 

46.6 

3.6 

43.0 

86.0 

.059 

19.5 

1  min. 

44.2 

3.6 

40.6 

81.2 

.0425 

19.5 

2 

38.9 

3.6 

35.3 

70.6 

.0315 

19.5 

4 

30.9 

3.6 

27.3 

54.6 

.0235 

19.5 

8 

25.0 

3.6 

21.4 

42.8 

.0175 

19.5 

15 

21.9 

3.6 

18.3 

36.6 

.013 

19.5 

30 

19.2 

3.8 

15.4 

30.8 

.0093 

19.5 

1  hr. 

17.6 

3.6 

14.0 

28.0 

.0066 

19.5 

2 

16.5 

3.9 

12.6 

25.2 

.0047 

19.5 

4 

15.9 

4.0 

11.9 

23.8 

.0033 

20.3 

8 

15. 1 

4.  1 

11.0 

22.0 

.00235 

20.5 

24 

15.0 

4.5 

10.5 

12.0 

.0014 

18.0 

Retained 

1  on  Sieve 

Sample  v/t.  Cumulative  v/t. 

Cumulative  wt. 

Mesh  No. 

Size  (mm) 

(grams) 

(grams) 

(pe 

r  cent) 

120 

.  125 

2.34 

2.34 

4.68 

170 

.080 

1.58 

3.92 

7.  84 

230 

.063 

1.33 

5.25 

10.50 

PAN 

0.  14 

5.39 

10.78 

Other  Data; 

Percentage  Sand 

10.5 

Sand  Sample  Wt.  5.49  g. 

Percentage  Silt 

68.5 

*  Percentage  Clay 

21.0 

Textural  Designation 

Silt  Lc 

*less  than  2  microns 
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Sample  No.  T.H.  67-1  Unit  E 

12'“17'  Below  surface 
Sample  Wt.  50  g. 


Time 

hlydrometer 

reading 

Composi  te 
correction 

Corrected 

reading 

Percentage 

remaining 

in 

Diameter 

in 

Temp. 

elapsed 

(A) 

(B) 

(C=A-B) 

suspension 

mm 

°C 

15  sec. 

53.0 

3.7 

49.3 

98.6 

.079 

19.5 

30 

51.0 

3,7 

47.3 

94.6 

.057 

19.5 

1  min. 

49.3 

3.7 

45.6 

91.2 

.041 

19.5 

2 

45.2 

3.7 

41.5 

83.0 

.030 

19.5 

4 

39.4 

3.7 

35.7 

71.4 

.022 

19.5 

8 

34.0 

3.7 

30.3 

60.6 

.0163 

19.5 

15 

29.0 

3.7 

25.3 

50.6 

.0123 

19.5 

30 

28.9 

3.8 

25.1 

50.2 

.0086 

19.5 

1  hr. 

22.7 

3.9 

18.8 

37.6 

.0065 

19.5 

2 

19.9 

3.9 

16.0 

32.0 

.0076 

19.8 

4 

18.0 

4.0 

14.0 

28.0 

.0032 

20.5 

8 

16.9 

4.  1 

12.8 

25.6 

.0023 

20.5 

24 

15.2 

4.6 

10.6 

21.2 

.0014 

18.5 

Retained  < 

an  Sieve 

Sa  mp  1  e 

wt. 

Cumulative  v/t. 

Cumulative  wt. 

Mesh  No. 

Size  (mm) 

(gram 

s) 

(grams) 

(per 

cent) 

230 

.063 

0.81 

0.81 

1 

.62 

Percentage 

Sand 

1.6 

Percentage 

Silt 

76,4 

*  Percentage 

Clay 

22.0 

Textural  Designation 

Silt  Loam 

*less  than  2  microns 
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Sample  No.  T.  H.  67-1  Unit  E 

19‘-23'  Below  surface 
Sample  V'/t.  50  g. 


Time 

elapsed 

hlydrorneter 
rsod  I  no 

(A) 

Composite 

correction 

(B) 

Corrected 

reading 

(C=A-B) 

Percentage 

remaining 

in 

suspension 

Di  arneter 

in 

rnm 

Temp. 

°C 

15  sec. 

54.  1 

3.8 

19.5 

30 

52.3 

3.8 

48.5 

97.0 

.056 

19.5 

1  min. 

51.0 

3.8 

47.2 

94.4 

.040 

19.5 

2 

48.0 

3.8 

44.2 

88.4 

.0295 

19.5 

4 

43.8 

3.8 

40.0 

80.0 

.0215 

19.5 

8 

38,3 

3.8 

34.5 

69.0 

.016 

19.5 

15 

34.0 

3.7 

30.2 

60.4 

.012 

19.5 

30 

29.3 

3.7 

25.5 

51.0 

.0085 

19.5 

1  hr. 

25.3 

3.8 

21.5 

43.0 

.0064 

19.5 

2 

22.2 

3.9 

18.3 

36.6 

.00455 

19.8 

4 

19.9 

4.0 

15.9 

31.9 

.00325 

20.4 

8 

17.9 

4.  1 

13.8 

27.6 

.0023 

20.5 

24 

16.2 

4.8 

11.4 

22.8 

.0014 

18.5 

Retained 

on  Sieve 

Sample  wt. 

Cumulative  \vi . 

Cumulative  wt. 

Mesh  No. 

Size  (mm) 

(grams) 

(grams) 

(per  cent) 

230 

.063 

0.22 

0.22 

0.44 

Percentage  Sand 

0.4 

Percentage  Silt 

74.0 

Percentage  Clay 

25.6 

Textural  Designation 

Silt  Loam 

*less  than  2  microns 
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Sample  No.  T.H.  67-1  Unit  E 

32'-33'  Belov,'  surface 
Sample  Wt.  50  g. 


Time 

elapsed 

Hydrometer 

reading 

(A) 

Composite 

correction 

(B) 

Corrected 

reading 

(C-A~B) 

Percentage 

remaining 

in 

suspension 

Diam.ete  r 
In 

mm 

Temp. 

°C 

30  sec. 

54.0 

3.8 

19.5 

1  min. 

53.6 

3.8 

49.8 

99.6 

.039 

19.5 

2 

53.6 

3.8 

49.8 

90.4 

.028 

19.5 

4 

52.9 

3.8 

49.1 

98.2 

.020 

19.5 

8 

51.2 

3.8 

47.4 

94.8 

.014 

19.5 

15 

47.4 

3.8 

43.6 

87.2 

.0108 

19.5 

30 

42.0 

3.8 

38.2 

76.4 

.  0080 

19.5 

1  hr. 

37. 1 

3.9 

33.2 

66,4 

.0059 

19.5 

2 

32.8 

4.0 

28.8 

57.6 

.0042 

20.0 

4 

29.5 

4.0 

25.5 

51.0 

.0031 

20.0 

8 

27.0 

4.2 

22.8 

45.6 

.0022 

20.5 

24 

24.2 

4.6 

19.6 

39.2 

.0013 

18.5 

Retained  on  Sieve 

Sample  Vv't. 

Cumulative  wt. 

Cumulative  v/t. 

Mesh  No. 

Size  (mm) 

(grams) 

(grams) 

(per  ceiit) 

230 

.063 

0.  12 

0.  12 

0.24 

Percentage  Sand 

0.2 

Percentage  Silt 

56.8 

*Percentage  Clay 

43.0 

Textural  Designation 

Silty  C lay 

*less  than  2  microns 
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Sample  No.  T.H.  67-1  Unil  F 
0'"5’  Below  surface 
Sample  Wt.  50  g. 


Hydrometer 
Time  reading 

elapsed  (A) 

Composite 

correction 

(B) 

Corrected 
read!  ng 
(C-A~B) 

Percentage 

remaining  Diameter 

in  in 

suspension  mm 

Temp. 

°C 

15  sec* 

39.0 

5.0 

34.0 

68.0 

.089 

20.0 

30 

34.0 

5.0 

29.0 

58.0 

.065 

20.0 

1 

29.3 

5.0 

24.3 

48.6 

.048 

20.0 

2 

24.7 

5.0 

19.7 

39.4 

.035 

20,0 

4 

21. 1 

5.0 

16.1 

32.2 

.  025 

20.0 

8 

18.4 

5.0 

13.4 

26.8 

.018 

20.0 

15 

17.0 

5.0 

12.0 

24.0 

.013 

20.0 

30 

16.  1 

5.0 

11.1 

22.2 

.0095 

20.3 

1  hr. 

15.0 

4.9 

10. 1 

20.2 

. 00675 

20.4 

2 

14.8 

4.9 

9.9 

19.8 

.00475 

20.5 

4 

14.7 

5.0 

9.7 

19.4 

.0034 

20.4 

8 

14.3 

5.2 

9.1 

18.2 

.0024 

20.2 

24 

13.8 

5.  1 

8.7 

17.4 

.0014 

19.7 

Retained 

on  Sieve 

Sa  mp  1  e 

wt.  Cumulative  wt. 

Cumulative  wt. 

Mesh  No. 

Size  (mm) 

(grams) 

(grams) 

(per 

cent) 

60 

.250 

0.67 

0.67 

1. 

34 

80 

.177 

2.55 

3.22 

6. 

44 

120 

.  125 

4.63 

7.85 

15. 

70 

170 

.088 

5.47 

13.32 

26, 

64 

230 

.063 

5.72 

19.04 

38. 

08 

PAN 

0.  90 

19.94 

39. 

88 

Other  Data 
Sand  SampI 

e  VA.  20.  06 

g. 

Percentage  Sand 
Percentage  Silt 
*  Percentage  Clay 
Textural  Designation 

38.  1 

43.9 

18.0 

Loa  rn 

*less  than  2  microns 


t 


* 

►  - 


'  f  :v:i  ‘  fir  ,  M 

*■  ‘T(U4  *ti'**U  ^ 

(X  'V/  i-Jqnnia  ^ 


'-■.'’fir  i' 

1.  r  »ii 

J  .  m 

T'  V,  -0  ’  ?i 

rn 

• 

L-  , ' 

q.ftlF‘''t1; 

t 

it^KJfOOp 

■  <8) 

• 

i;n?bar&i 
--  -  (A) 

« 

• 

*1^ 

sjnT 

b‘5?qoU 

0,^ 

■0 .4 

0.^ 

^  • 
o.^r 

,061  Bf 

’j  .  :’•’! 

Oa^ 

*  ,*c 

i>  >.' 

O.v:  -  '. 

€>> 

O.B 

^:.?c 

r 

jjv 

V.<i{ 

tz 

s 

4.0:  4fO. 

(.if 

djzt' 

iJ^ 

h 

O/K 

K  ,1'4 

0 

^.ar 

8 

V*  ,‘.5: 

o.-ij 

.o,e 

o.^:r 

^i 

-»  . »  f 

If  .if 

<X 

£  ..F 

r.of 

o.er 

.ifH’ 

.vf 

a>f 

s 

K.uJi  KC'a.)- 

‘  ;  M 

.N'> 

^.i 

^>f  ? 

@  r^ 

s.«':  .‘•<'041, 

,r  f 

s:.B 

**  a 

V.^f  14,00, 

4  '  “ 

.r 

C.s 

V  ‘ 

<  •  4,  •  ^ 

e.sr 

-  •  , 

.iwv  3v‘ii  >0 

« 

no  , 

?f 

(A'r-'  *•" 

.eVl  fboM 

:'C.f  ' 

« 

^t,0 

VcS  ,0 

06 

.  ,«6 

r  i: 

x.c 

Od 

*6i 

-• 

OSf 

‘r’^i  ^ 

r  *' 

:*Q0, 

O^f 

1?0;VX 

i  C  .  'f 

T’  :i 

CcjO. 

ocs. 

'/"S . 

MAS 

V 

r 

4Lb 

*  A 

«  4  *• 

■  Vfi^ 

-  — 

IP  i-f 

f  .1 

'  ’  ■'^  ■  ’ 

;o1oO  ncy^tO 

n  9.» 

♦««> 

,..y} 

'j 

03.0^  .^v  ^iqiAO^  tinoB 

0 

y  -4  - 

^*w" 

- - \..  ....  

r(oiV^C4rj<4-';» 

iw^iim  ISTftt^l  a*«f^  ^ 


119 


Sample  No 
Sample  Wt. 


T.  H.  67-2  .  Unit  B 
115'“116'  Below  surface 
50  g. 


Time 

elapsed 

Hydrometer 

reading 

(A) 

Com.posite 

correction 

(B) 

Corrected 

reading 

(C=A-B) 

Percentage 

remaining 

in 

suspension 

Diameter 

in  Temp, 

mm  °C 

15  sec. 

35 

5.3 

29.7 

59.4 

.092  20.0 

30 

32 

5.3 

26.7 

53.4 

.067  20.0 

1  mino 

29.5 

5.3 

24.2 

48.4 

.048  20.0 

2 

28.  1 

5.3 

22.8 

45.6 

.034  20.0 

4 

28.4 

5.5 

22.9 

45.8 

.024  20.0 

8 

26.4 

5.5 

20.9 

41.8 

.0174  20.0 

15 

25.  1 

5.5 

19.6 

39.2 

.013  20.0 

30 

24.0 

5.5 

18.5 

37.0 

.0091  20.0 

1  hr. 

22.6 

5.5 

17. 1 

34.2 

.0065  20.0 

2 

21.8 

5.9 

15.9 

31.8 

.0046  20.5 

4 

20.0 

5.  1 

14.9 

29.8 

.00325  20.5 

8 

19.  1 

5.0 

14.1 

28.2 

.0023  21.0 

24 

18.4 

5.  6 

12.8 

25.6 

.0014  18.5 

Retained 

1  on  Sieve 

Sample 

wt.  Cumulative  wt. 

Cumulative  v^t. 

Mesh  No. 

Size  (miTi) 

(grams) 

(giarns) 

(per  cent) 

35 

.500 

0.67 

0.67 

1.34 

60 

.250 

4.41 

5.08 

10.  16 

80 

.177 

5.86 

10.94 

21.88 

120 

.125 

7.04 

17.98 

35.96 

170 

.080 

3.81 

21.79 

43.58 

230 

.063 

2.  18 

23.97 

47.  94 

PAN 

0.  19 

24. 16 

48.32 

Other  Data: 

Percentage  Sand 

47.9 

Sand  Sample  Wt.,  24.  19  g. 

Percentage  Silt 

24.  1 

*  Percentage  Clay 

28.0 

Textural  Designation  Sandy  Clay 

Loam 

*less  than  2  microns 
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Samiple  No.  T.  H. 

116'- 

Sample  Wt.  50  g. 

67“2  Uni t  B 

120‘  Below  surface 

Time 

elapsed 

H)'dromel-er 

reading 

(A) 

Composi  fa 
correction 

(B) 

Corrected 

reading 

(C=A-B) 

Percentage 

remaining 

in 

suspension 

Di  ameter 
in 

mm 

Temp. 

°C 

15  sec. 

35.5 

5.3 

30.2 

60.4 

.092 

20.0 

30 

32,0 

5.3 

26.7 

53.4 

.067 

20.0 

1  min. 

30.  0 

5.3 

24.7 

49.4 

.048 

20.0 

2 

28.  1 

5.3 

22.8 

45.6 

.034 

20.0 

4 

28.3 

5.3 

23.0 

^.0 

.024 

20.0 

8 

26.4 

5.3 

21.1 

42.2 

.017 

20.0 

15 

25.8 

5.5 

20.3 

40.6 

.013 

20.0 

30 

24.3 

5.5 

19.0 

38.0 

.0091 

20.0 

1  hr. 

23.2 

5.3 

17.9 

35.8 

.0064 

20.0 

2 

22.  1 

5.  1 

17.0 

34.0 

.0046 

20.3 

4 

20.5 

5.  1 

15.4 

30.8 

.0031 

20.5 

8 

19.2 

4.8 

14.4 

28.8 

.0023 

21.0 

24 

19.0 

5.6 

13.4 

26.8 

.0014 

18.5 

Retained  on  Sieve 

Sample  wt. 

Cumulative  wt. 

Cumulative  v/t. 

Mesl'i  No. 

Size  (mm) 

(grams) 

(gramis) 

(per  cent) 

35 

.500 

0.90 

0.90 

o 

CO 

! 

60 

.250 

2.86 

3.79 

7.52 

80 

.177 

4.  02 

7.78 

15.56 

120 

.  125 

7.66 

15.44 

30.88 

170 

.080 

5.50 

20.94 

41.88 

230 

.063 

3.29 

24.23 

48.^6 

PAN 

0.33 

24.56 

49.  12 

Other  Data: 

Percentage  Sand 

49.  1 

Sand  Sample 

Wt.  24.  66  g. 

Percentage  Silt 

22.9 

*  Percentage  Clay 

28.0 

Textural  Designation 

Sandy  Clay 

Loam 

*iess  than  2  microns 
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Sample  No.  T.H.  67-2  Unit  D 

74‘-78'  Below  surface 
Sample  Wt.  50  g. 


Time 

elapsed 

Hydrometer 

reading 

(A) 

Composite 

correction 

(B) 

Corrected 

reading 

(C=A-B) 

Percentage 

remaining 

in 

suspension 

Diameter 

in 

mm 

Temp. 

°C 

15  sec. 

30.0 

5.  1 

24.9 

49.8 

.094 

21.0 

30 

28.  1 

5.  1 

23.0 

46.0 

.067 

21.0 

1  min. 

26. 6 

5.1 

21.5 

43.0 

.047 

21.0 

2 

25.1 

5.  1 

20.0 

40.0 

.034 

21.0 

4 

24.9 

5.  1 

19.8 

39.6 

.024 

21.0 

8 

23.  1 

5.0 

18.1 

36.2 

.017 

21.0 

15 

21.1 

5.0 

16.1 

32.2 

.013 

21.0 

30 

18.2 

4.5 

13.7 

27.4 

.0092 

21.0 

1  hr. 

16.2 

5.0 

11.2 

22.4 

.0066 

21.0 

2 

15.7 

5.3 

10.4 

20.8 

.0047 

21.0 

4 

14.0 

5.0 

9.0 

18.0 

.0033 

21.5 

8 

13.0 

5.0 

8.0 

16.0 

.0025 

22.0 

24 

12.2 

5.2 

7.0 

14.0 

.0014 

20.5 

Retained 
Mesh  No. 

on  Sieve 

Size  (mm) 

Sample  wt. 
(grams) 

Cumulative  wt. 
(grams) 

Cumulative  wt. 
(per  cent) 

35 

.500 

4.  77 

4.77 

9.54 

60 

.250 

6.  91 

1  1.68 

23.36 

80 

.177 

5.00 

16.68 

33.36 

120 

.  125 

4.01 

20.69 

41.38 

170 

.080 

3,  10 

23.79 

47.58 

230 

.063 

1.96 

25.75 

51.50 

PAN 

0.07 

25.82 

51.64 

Other  Data: 

Percentage  Sand 

51.5 

Sand  Sample  Wt.  26.  08  g. 

Percentage  Silt 
^Percentage  Clay 

Textural  Designation 

33.5 

15.0 

Loam 

*Iess  than  2  microns 
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Sample  No.  T.H.  67 ~2  Unit  E 

15'-20'  Below  surface 
Sample  Wt,  50  g. 


Hydrometer 
Time  reading 

elapsed  (A) 

Composite 

correction 

(B) 

Corrected 

reading 

(C=A-B) 

Percentage 

remaining  Diameter 

In  in 

suspension  mm 

Temp. 

°C 

15  sec. 

25 

5.1 

19.9 

39.8 

.098 

20.0 

30 

17 

5.  1 

11.9 

23.8 

.073 

20.0 

1  min. 

12.9 

5.1 

7.8 

15.6 

.053 

20.0 

2 

12.  1 

5.  1 

7.0 

14.0 

.038 

20.0 

4 

12.8 

5.  1 

7.7 

15.4 

.027 

20.0 

8 

12.2 

5.1 

7.1 

14.2 

.019 

20.0 

15 

12.0 

5.  1 

6.9 

13.8 

.014 

20.0 

30 

11.4 

5.  1 

6.3 

12.6 

.0097 

20.0 

1  hr. 

11.1 

5.0 

6.1 

12.2 

.0069 

20.3 

2 

9.9 

4.7 

5.2 

10.4 

.0049 

20.5 

4 

9.3 

4.3 

5.0 

10.0 

.  0034 

21.0 

8 

9.  1 

4.0 

5.1 

10.2 

.0024 

21.0 

24 

9.9 

5. 3 

4.6 

9.2 

.0014 

20. 0 

Retained  < 

on  Sieve 

Sampl 

e  wt.  Cumulative  wt. 

Cumulat 

ive  wt. 

Mesh  No. 

Size  (mm) 

(grams) 

(grams) 

(per 

cent) 

60 

.250 

0. 

18 

0.  18 

* 

36 

80 

.177 

0. 

49 

0.67 

1. 

34 

120 

.125 

7. 

49 

8.  16 

16. 

32 

170 

.088 

21. 

83 

29.  99 

59, 

98 

230 

.063 

10. 

48 

40.47 

80. 

94 

PAN 

0. 

35 

40.82 

81. 

64 

Olher  Data 
Sand  Sarnpl 

e  Wt .  40.  84 

g* 

Percentage  Sand 
Percentage  Silt 
*Percentage  Clay 
Textural  Designation 

80.9 

9.3 

9.8 

Loamy  Sand 

"less  than  2  microns 
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Sample  No.  T.  H.  67-2  Unil  E 

30'-37'  Below  surface 
Sample  Wt.  50  g. 


Time 

elapsed 

Hyd  rometer 
reading 

(A) 

Composite 

correction 

(B) 

Corrected 
read!  ng 
(C-A-B) 

Percentage 

remaining 

in 

suspension 

Diameter 

in  Temp, 

mm  °C 

15  sec. 

.. 

3.8 

19.5 

30 

53.0 

3.8 

49.2 

98.4 

.057 

19.5 

1  min. 

51.8 

3.  8 

48.0 

96.0 

.040 

19.5 

2 

49.6 

3.8 

45,8 

91.6 

.029 

19.5 

2- 

47.9 

3.8 

44.1 

88.2 

.021 

19.5 

8 

44.9 

3.8 

41.1 

82.2 

.015 

19.5 

15 

42.3 

3.8 

38.5 

77.0 

.011 

19.5 

30 

39.4 

3.8 

35.6 

71.2 

.0081 

19.8 

1  hr. 

36,4 

4.2 

32.2 

64.4 

.0059 

20.0 

2 

32.7 

4.6 

28. 1 

56.2 

.004-3 

20.2 

4 

28.8 

4.2 

24.6 

49.2 

.0031 

20.5 

8 

25.0 

4.1 

20.9 

41.8 

.0022 

21.0 

24 

22.0 

4.4 

17.6 

35.2 

.0013 

19.5 

Retained 

on  Sieve 

Sample 

v/t.  C 

umu iative  wt. 

Cumulative  wt. 

Mesh  No. 

Size  (mm) 

(grams) 

(gramis) 

(per  cent) 

170 

.080 

0.  16 

0. 16 

0.32 

230 

.063 

0.26 

0.42 

0.84 

Percentage  Sand 
Percentage  Silt 
*  Percentage  Clay 
Textural  Designation 

0.8 

59.4 

39.8 

Silty  Clay  Loam 

*!ess  than  2  microns 
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Sample  No.  I.H,  67-2  UnifE 

64' -68'  Below  surface 
Sample  Wt.  50  g. 


Time 

elapsed 

H/d  rometer 
reading 

(A) 

Composite 

correction 

(B) 

Corrected 

reading 

(C=A-B) 

Percentage 

remaining 

in 

suspension 

Di  ameter 
in 

mm 

Temp. 

'’C 

15  sec. 

3.8 

19.7 

30 

54.  1 

3.8 

50.3 

100.6 

.055 

19.7 

1  min. 

53. 1 

3.8 

49.3 

98.6 

.039 

19.7 

2 

52.  1 

3.8 

48.3 

96.6 

.028 

19.7 

4 

51.0 

3.8 

47.2 

94.4 

.020 

19.8 

8 

47„  1 

3.9 

43.2 

86.4 

.015 

19.8 

15 

43.2 

3.9 

39.3 

78.6 

.011 

19.8 

30 

37.4 

4.2 

33.2 

66.4 

.0082 

20.0 

1  hr. 

32.0 

4.3 

27.7 

55.4 

.0060 

20.0 

2 

27.8 

4.5 

23.3 

-^16.  6 

.0044 

20.3 

4 

24.2 

4.3 

19.9 

39.8 

.0031 

20.5 

8 

21.1 

3.9 

17.2 

34.4 

.0023 

21.0 

24 

18.2 

4.5 

13.7 

27.4 

.0014 

19.5 

Retained  on  Sieve 

Sample  wt. 

Cumulative  wt. 

Cumulative  v/t. 

Mesh  No. 

Size  (mm) 

(grams) 

(grams) 

(per  cent) 

230 

.063 

. 

0.05 

0.  10 

Percentage  Sand 

0.  1 

Percentage  Si  It 

67.6 

Percentage  Clay 

32.3 

Textural  Designation 

Silty  Clay  Loam 

*less  tlian  2  microns 
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Sample  No.  T.hl.  67-2  Unif  F 


0'-4' 

Sample  Wt,  50  g. 

Belov/  surface 

Time 

elapsed 

Hyd  rometer 
readina 

(A) 

Composite 

correction 

(B) 

Cor  rected 
reading 
(C=A-B) 

Percentage 

remaining 

in 

suspension 

Diameter 

in  Temp, 

mm  C 

15  sec. 

36 

5.  1 

30.9 

61.8 

.091 

20.0 

30 

25 

5.1 

19.9 

39.8 

.070 

20.0 

1  min. 

17.2 

5.  1 

12.1 

24.2 

.052 

20.0 

2 

15.4 

5.  1 

10.3 

20.6 

.037 

20.0 

4 

15.2 

5.  1 

10.1 

20.2 

.026 

20.0 

8 

1 

5.  1 

“ 

- 

- 

20.0 

15 

14.2 

5.  1 

9.1 

18.2 

.014 

20.0 

30 

14.0 

5.  1 

8.9 

17.8 

.0096 

20.0 

1  hr. 

13.5 

5.0 

8.5 

17.0 

.0068 

20.2 

2 

12.5 

4.8 

7.7 

15.4 

.0048 

20.5 

4 

11.9 

4.2 

7.7 

15.4 

.  0034 

21.0 

8 

11.2 

4.  1 

7.1 

14.2 

.0024 

21.0 

24 

11.9 

5.3 

6.6 

13.2 

.0014 

20.0 

Retained 

on  Sieve 

Samp!  e 

v/t.  Cumulative  w't. 

Cumulative  wt. 

Mesh  No. 

Size  (mm) 

(grams) 

(grams) 

(per  cent) 

60 

.250 

0.05 

0.05 

0.  10 

80 

.177 

0.61 

0.66 

1.32 

120 

.125 

6.49 

7.  15 

14.  30 

170 

.088 

15.25 

22.40 

44:  80 

230 

.063 

12.91 

35.31 

70.62 

PAN 

0.93 

36.24 

72.48 

Other  Data 
Sand  Samp! 

e  Wt.  36. 38 

S- 

Percentage  Sand 
Percentage  Silt 
*Percentags  Clay 
Textural  Designatl 

70.6 

14.6 
14.8 

'on  Sandy 

Loam 

*less  than  2  microns 
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Sample  No.  T.  H.  67-3  Unit  B 

79' -83'  Below  surface 
Sample  wt.  50  g. 


Time 

elapsed 

hi  yd  rometer 
reading 

(A) 

Composite 

correction 

(B) 

Corrected 

reading 

(C=A-B) 

Percentage 

remaining 

in 

suspension 

Diameter 

in 

mm 

Temp. 

^C 

15  sec. 

27.5 

5.3 

22.2 

44.4 

.097 

20.0 

30 

26.7 

5.3 

21.4 

42.8 

.069 

20.0 

1  min. 

25.3 

5.3 

20.0 

40.  0 

.049 

20.0 

2 

23.9 

5.3 

18.6 

37.2 

.035 

20.0 

4 

22.9 

5.3 

17.6 

35.2 

.025 

20.0 

8 

22.0 

5.3 

16.7 

33.4 

.018 

20.0 

15 

21.0 

5.3 

15.7 

31.4 

.013 

20.0 

30 

19.8 

5.5 

14.3 

28.6 

.0093 

20.0 

1  hr. 

19.0 

5.5 

13.5 

27.0 

.0066 

20.0 

2 

17.3 

5.2 

12.1 

24.2 

.0047 

20.3 

4 

16.0 

5.  1 

10.9 

21.8 

.0033 

20.5 

8 

14.9 

4.8 

10.  1 

20.2 

.  0024 

21.0 

24 

14.  1 

5.3 

8.8 

17.6 

.0014 

18.5 

Retained  on  Sieve 

Mesh  No.  Size  (mm) 

Sample  wt. 
(grams) 

Cumulative  wt. 
(grams) 

Cumulative  wt. 

(per  cent) 

35 

.500 

5.57 

5.57 

11.14 

60 

.250 

8.38 

13.95 

27.  90 

80 

.177 

6.22 

20.17 

40.  34 

120 

.  125 

4.  10 

24.27 

48.54 

170 

.080 

2.30 

26.57 

53.  14 

230 

.063 

2.28 

28.85 

57.  70 

PAN 

0.27 

29. 12 

58.24 

Other  Data: 

Sand  Sample  Wt, 


Perceniage  Sand 

29.  17  g.  Percentage  Silt 

*Percentage  Clay 
Textural  Designation 


57.7 
23.2 
19.  1 

Sandy  Loam 


*Tess  than  2  microns 
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Sample  No.  T.H.  67-3  Unit  D 

63' -64'  Below  surface 
Sample  VVt.  50  g. 

Time 

elapsed 

Hyd  rometer 
reading 

(A) 

Composite 

correction 

(B) 

Corrected 

reading 

(C=A-B) 

Percentage 

remaining 

In 

suspension 

Diameter 

in 

mm 

Temp. 

°C 

15  sec. 

33.5 

5.0 

28.5 

57.0 

.092 

21.0 

30 

30.9 

5.0 

25.9 

51.8 

.066 

21.0 

1  min. 

28.2 

5.0 

23.2 

46.  4 

.047 

21.0 

2 

26.  1 

5.0 

21.1 

42.2 

.034 

21.0 

4 

25.5 

5.0 

20.5 

41.0 

.024 

21.0 

8 

24.0 

5.0 

19.0 

38.0 

.017 

21.0 

15 

22.9 

4.8 

18.  1 

36.2 

.013 

21.0 

30 

21.4 

4.8 

16.6 

33.2 

.0091 

21.0 

1  hr. 

20.3 

5.0 

15.3 

30.6 

.  0065 

21.0 

2 

19.6 

5.2 

14.4 

28.8 

.0046 

21.0 

4 

17.9 

5.0 

12.9 

25.8 

.0033 

21.5 

8 

16.9 

5.0 

11.9 

23.8 

.0023 

22.0 

24 

15.9 

5.  1 

10.8 

21.6 

.0014 

20.5 

Retained 
Mesh  No. 

on  Sieve 

Size  (mm) 

Sample  wt. 
(grams) 

Cumulative  wt. 
(grams) 

Cumulative  wt. 
(per  cent) 

35 

.500 

4.  99 

4.99 

9.  98 

60 

.250 

4.  87 

9.86 

19.  72 

80 

.  177 

3.43 

13.29 

26.58 

120 

.125 

3.24 

16.53 

33.  06 

170 

.080 

3.43 

19.96 

39,92 

230 

.063 

2.91 

22,87 

45.74 

PAN 

0.  18 

23.06 

46.  12 

Other  Data: 

Percentage  Sand 

45.7 

Sand  Sample  Wt,  23.22  g. 

Percentage  Silt 

31.3 

*  Percentage  Clay 

23.0 

Textural  Designation 

Loam 

*less  than  2  microns 
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Sample  No.  T.H.  67-3  Unil  E 
4'-8'  Below  surface 


Sample  Wt.  50  g. 

Time 

elapsed 

Hydromefer 

readlng 

(A) 

Compos  lie 
correction 

(B) 

Corrected 
readi  rig 
(C=A-B) 

Percentage 

remaining 

in 

suspension 

Diameter 

in 

mm 

Temp. 

°C 

15  sec. 

55.0 

4.8 

50.2 

100.4 

.078 

20.0 

30 

54.0 

4.8 

49.2 

98.4 

.056 

20.0 

1  min. 

53.  1 

4.8 

48.3 

96.6 

.040 

20.0 

2 

51.5 

4.8 

48.7 

93.4 

.028 

20.0 

4 

50.0 

4.8 

45.2 

90.4 

.020 

20.0 

8 

47.0 

4.8 

42.2 

84.4 

.015 

20.0 

15 

43.3 

4.8 

38.5 

77.0 

.011 

20.0 

30 

39.2 

5.0 

34.2 

68.4 

.0081 

20.0 

1  hr. 

35.  9 

4.9 

31.0 

62.0 

.  0059 

20.0 

2 

32.6 

5.0 

27.6 

55.2 

.0043 

20.4 

4 

29.  1 

5.0 

24.1 

48.2 

.0031 

20.7 

8 

26.9 

4.8 

22.1 

44.2 

.0022 

21.0 

24 

23.9 

4.9 

19.0 

38.0 

.0013 

19.8 

Retained 
Mesh  No. 

on  Sieve 

Size  (mm) 

Sample  v/t. 
(grams) 

Cumulative  wt. 
(grams) 

Cumulative  wt. 
(per  cent) 

120 

.  177 

0.  12 

0.12 

0.24 

170 

.088 

0.  12 

0.24 

0.48 

230 

.063 

0.  16 

0.40 

0.80 

Percentage  Sand 

0.8 

Percentage  Silt 

46.7 

Percentage  Cloy 

42.5 

Textural  Designation 

Silty  Clay 

*less  than  2  microns 
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Sample  No.  T.  H.  67-3  Unit  E 

19' “20'  Below  surface 
Sample  Wt.  50  g. 


Time 

elapsed 

Hydrometer 

reading 

(A) 

Composite 

correction 

(B) 

Corrected 

reading 

(C-A-B) 

Percentage 

remaining 

in 

suspension 

Diameter 

in 

mm 

Temp. 

°C 

30  sec. 

53.0 

4.8 

48.2 

96.4 

.056 

20.0 

1  min. 

50.8 

4.8 

46.0 

92.0 

.040 

20.0 

2 

47.1 

4.8 

42.3 

94.6 

.029 

20.0 

4 

44.2 

4.8 

39.4 

78.8 

.021 

20.0 

8 

40.0 

5.0 

35.0 

70.0 

.016 

20.0 

15 

37.  1 

5.0 

32.1 

46.2 

.012 

20.0 

30 

32.  1 

4.9 

27.2 

54.4 

.0086 

20.0 

1  hr. 

28.4 

4.0 

24.4 

48.8 

.0062 

20.0 

2 

24.8 

5.0 

19.8 

39.6 

.0045 

20.4 

4 

22.0 

5.0 

17.0 

34.0 

.0033 

20.7 

8 

19.2 

4.8 

14.4 

28.8 

.0023 

21.0 

24 

16.9 

4.9 

12.0 

24.0 

.0014 

19.7 

Retained 
Mesh  No. 

on  Sieve 

Size  (mrn) 

Semple  wt. 
(grams) 

Cumulative  wt. 
(grams) 

Cuiriulative  wt, 

(per  cent) 

120 

.  125 

0.07 

0.07 

0.14 

170 

.088 

0.07 

0.  14 

0.28 

230 

.063 

0.62 

0.76 

1.52 

Percentage  Sand 

1.5 

Percentage  Silt 

72.2 

^'Percentage  Clay 

26.3 

Textural  Designation 

Silt  Loam 

*less  than  2  microns 
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Sample  No.  T.H.  67-3  Unil  E 

28’-31'  Below  surface 
Sample  Wt.  50  g. 


Time 

elapsed 

Hyd  rorneter 
reading 

(A) 

Composife 
correct!  on 

(B) 

Corrected 
rreadi  ng 
(C=A-B) 

Percentage 

remaining 

in 

suspension 

Diameter 

in 

mm 

Temp, 

°C 

30  sec. 

54.  1 

3.8 

50.3 

100.6 

.055 

19.5 

1  min. 

53.5 

3,8 

49,7 

99.4 

.039 

19.5 

2 

52.3 

3.8 

48.5 

97.0 

.028 

19.5 

4 

51.2 

3,8 

47.4 

94.8 

.020 

19.5 

8 

d5.9 

3.8 

45. 1 

90.2 

.014 

19.5 

15 

45.5 

4.0 

41.5 

83.0 

.01 1 

19.6 

30 

40.5 

3.9 

36.6 

73.2 

.0080 

19.8 

1  hr. 

34.  1 

4.2 

29.9 

59.8 

.0059 

20.0 

2 

27.9 

4.5 

23.4 

46.8 

.  0044 

20.2 

4 

23.0 

4.3 

18.7 

37.4 

.0032 

20.5 

8 

19.  1 

3.9 

15.2 

30.4 

.0023 

21.0 

24 

16.8 

4.5 

12.3 

24.6 

.0014 

19.5 

Retained  on  Sieve 

Sample  v/t. 

Cumulative  v/t. 

Cumulative  v/t. 

Mesh  No.  Size  (mm) 

(grams) 

(grams) 

(per  cent) 

230  .063 

- 

0.05 

0.  10 

Percentage  Sand 

0.  1 

Percentage  Silt 

71.9 

'"Percentage  Clay 

28.0 

Textural  Designation 

Silt  Loam 

*less  tlian  2  microns 
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Sample  No.  T.H.  67-3  Unit  E 

44' ”48'  Below  surface 
Sample  Wt.  50  g. 


Time 

elapsed 

Hyd  rometer 
reading 

(A) 

Composite 
correct!  on 

(B) 

Corrected 

reading 

(C=A-B) 

Percentage 

remaining 

in 

suspension 

Diameter 

in 

mm 

T 

Temp. 

°C 

15  sec. 

55.0 

3.9 

51.1 

.077 

19.8 

30 

54.7 

3.9 

50.8 

_ 

.054 

19.8 

1  min. 

53.9 

3.9 

50.0 

100.0 

.039 

19.8 

2 

53.2 

3.9 

49.3 

98.6 

.028 

19.8 

4 

53.0 

3.9 

49. 1 

98.2 

.020 

19.8 

8 

49.4 

4.0 

45.4 

90.8 

.014 

20.0 

15 

43.3 

4.0 

39.3 

78.6 

.011 

20.0 

30 

34.2 

4.2 

30.0 

60.0 

.  0084 

20.0 

1  hr. 

26.4 

4.3 

22.1 

24.2 

.0063 

20.0 

2 

21.4 

4.5 

16.9 

33.8 

.0045 

20.4 

4 

18.  1 

4.2 

13.9 

27.8 

.0033 

20.6 

8 

16.  1 

3.9 

12.2 

24.4 

.0023 

21.0 

24 

14.7 

4.2 

10.5 

21.0 

.0012 

19.5 

Retained  on  Sieve 

Sample  v/t. 

Curriulative  wt. 

Cumulative  wt. 

Mesh  No. 

Size  (mm) 

(grams) 

(grams) 

(per  cent) 

230 

.063 

0.06 

0.  12 

Percentage  Sand 

0.  1 

Percentage  Si  It 

76.4 

Percentage  C  lay 

23.5 

Textural  Designation 

Si  1 1  Loam 

*less  than  2  microns 


ri:r 


*1^  *•'!»  ^'•V;  ‘  ^ 

fl«i.  .IW 


•Sfc- 


*  i 

- ^ 

’‘i  nv  i1 

m  «. 

^  * 

• 

r 

'i>r<  t 

^  ^*'>1 

W-: 

yl  ,jn  i  ■^T’<>D 

itW 

.  :Jto**T 

«ij 

■  r 

^  -  '  ■‘f 

f  .It  •  .T)V> 

sfiffT  1 

"►jO 

.  .... 

(A) 

•  *  4 

. 

—  ( 

Tf''-' 

u  :<ti 

^>1, 

UH 

Q.?e 

.03-'  df"?- 

:•*). 

oe:^ 

:'Vi 

?*;o. 

o.nOf 

e.c 

«.£« 

.nJm  f'4 
-•  ^ 

tr.0. 

V.  ,':i» 

V.€ 

•sf 

Of^O. 

r.  ^ 

^.f^ 

0.^ 

^  ^1 

O.-j^ 

'  ro. 

•:  /J 

0> 

*  Ok 

--  .3* 

«5.tK 

ro3. 

h- 

:k 

€X^ 

zr 

0.^: 

•iAi 

, 

A.*’"'*.). 

O'M 
i  >N 

0  »>: 
f  .3;s: 

:  .i* 

e.^ 

f.'-C 

os 

.1(4 

h 

'rfH'i), 

?..;f 

e> 

^  js 

2  ' 

.*.  .‘V" 

ft.vJ 

c> 

( .Sr 

‘i.  i  ■ 

•>(■•0. 

N 

r  .6( 

3'-^ 

'i  ,  vf 

V 1  vo . 

o.c; 

^.aj 

_  • 

•' 

\.^f- 

A?| 

,iv(  •ivi 

!'•{  n  ’  ■  ? 

-  «i 

.  #-■ 

.*,  ;s 

tp 

b«nTi>ti>J<  ■!' 

i  1  \ 

_ 1, 

,Ti2 

.oH 

:i  .0 

S3 


■'^.V 


f.O 

naoJ 


s>gintfuo3ioi 
ilXZ  #j;a1[n«Dr-1 
"^ntD 


Et- 


L-s,  -  r'-sif'  " 


.'■■"iisf 

I  ■'. 

'■-  jc. 

^ .  .*' 


,*•*.,  " 

A* 


i'ECiSlOl 


132 


Sample  No.  T.H.  67“4  Unit  B 
80'  Below  surface 
Sample  Wt.  50  g. 


1 

Time 

elapsed 

hlyd  rometer 
reading 

(A) 

Composite 

correction 

(B) 

Corrected 

reading 

(C=A-B) 

Percentage 

remaining 

in 

suspension 

Diameter 

in 

mm 

Temp. 

°C 

15  sec. 

30.0 

5.5 

24.5 

49.0 

.096 

20.0 

30 

26.4 

5.  5 

20.9 

41.8 

.069 

20.0 

1  min. 

25.0 

5.5 

19.5 

39.0 

.049 

20.0 

2 

23.6 

5.5 

18.  1 

36.2 

.035 

20.0 

5 

23.0 

5.5 

17.0 

35.0 

.025 

20.0 

8 

22.  1 

5.5 

16.6 

33.2 

.018 

20.0 

15 

21.2 

5.3 

15.9 

31.8 

.013 

20.0 

30 

20.2 

5.3 

14.9 

29.8 

.0092 

20.0 

1  hr. 

19.0 

5.2 

13.8 

27.6 

.0065 

20.3 

2 

18.2 

4.8 

13.4 

26.8 

.0046 

20.3 

4 

17.6 

5.0 

12.6 

25.2 

.0033 

20.5 

8 

16.7 

5.0 

11.7 

23.4 

.0023 

21.0 

24 

16.2 

5.6 

10.6 

21.2 

.0014 

18.5 

Retained 

on  Sieve 

SampI  e 

wt.  Cumulative  v/t. 

Cumulative  wt. 

Mesh  No. 

Size  (mm) 

(grams) 

(grams) 

(per  < 

cent) 

35 

.500 

3.46 

3.46 

6. 

92 

60 

.250 

8.  17 

11.63 

23. 

26 

80 

.177 

6.20 

17.83 

35.66 

120 

.  125 

6.25 

24.08 

48.  16 

170 

.080 

3.69 

27.77 

55.54 

230 

.063 

2.38 

30.  15 

60.  30 

PAN 

0.22 

30.37 

60.74 

Other  Data 

Perc 

entage  Sand 

60.3 

Sand  Sarnpli 

s  Wt.  30.33 

9- 

Percentage  Silt 

17.2 

*Percentage  Clay 
Textural  Designation 


22.5 
Sandy  Clay 
Loam 


*less  than  2  microns 
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Sample  No.  T.  H.  67-4  Unii  D 
72'  Belov/  surface 
Sample  Wt.  50  g. 


Time 

elapsed 

Hydrometer 

reading 

(A) 

Composite 

correction 

(B) 

Corrected 

reading 

(C=A~B) 

Percentage 

remaining 

in 

suspension 

Diameter 

i  n 

mm 

Temp. 

°C 

15  sec. 

36.0 

5.0 

31.0 

62.0 

.090 

21.0 

30 

32.5 

5.0 

27.5 

55.0 

.065 

21.0 

1  rnin. 

30.3 

5.0 

25.3 

50.6 

.047 

21.0 

2 

28.5 

5.0 

23.5 

47.0 

.034 

21.0 

4 

27.7 

4.8 

22.9 

45.8 

.024 

21.0 

8 

25.8 

4.8 

21.0 

42.0 

.017 

21.0 

15 

24.0 

4.8 

19.2 

38.4 

.013 

21.0 

30 

22.  1 

5.0 

17.1 

34.2 

.0089 

21.0 

1  hr. 

20.4 

5.0 

15.4 

30.8 

.0065 

21.0 

2 

18.5 

5.2 

13.3 

26.6 

.0046 

21.5 

4 

16.3 

4.9 

11.4 

22.8 

.0033 

21.5 

8 

15.4 

5o0 

10.4 

20.8 

.0023 

22.0 

24 

14.6 

5.  1 

9.5 

18.0 

.0014 

20.5 

Retained 

1  on  Sieve 

Sample  \vt„  Cumulative  wt. 

Cumulative  v/t. 

Mesh  No. 

Size  (mm) 

(gram 

s) 

(grams) 

(per 

cent) 

35 

.500 

2.26 

2.26 

4. 

52 

60 

.250 

5.05 

7.31 

14.62 

80 

.177 

3.53 

10.84 

21. 

68 

120 

.125 

4.09 

14.  93 

29.86 

170 

.080 

3.00 

17.  93 

35. 

86 

230 

.063 

2.77 

20.70 

41. 

40 

PAN 

0.25 

20.95 

41. 

90 

Other  Data: 

Percentage  Sand 

41.4 

Sand  Sample  Wt.  20.96  g. 

Percentage  Silt 

39.1 

*  Percentage  C  lay 

19.5 

Textural  Designation 

Loam 

*less  than  2  microns 
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Sample  No.  T.H.  67-4  Unit  E 
25'  Below  surface 
Sample  Wt.  50  g. 


Time 

elapsed 

Hyd  rom.eter 
reading 

(A) 

Composite 
correcti  on 

(B) 

Corrected 

reading 

(C=A-B) 

Percentage 

remaining 

in 

suspension 

Diameter 

in 

mm 

Temp. 

°C 

30  sec. 

33.0 

5.0 

28.0 

56.0 

.066 

20.0 

1  min. 

24.5 

5.0 

19.5 

39.0 

.049 

20.0 

2 

20.2 

5.0 

15.2 

30.4 

.036 

20.0 

4 

19.3 

5.0 

14.3 

28.6 

.025 

20.0 

8 

17.5 

5.0 

12.5 

25.0 

.018 

20.0 

15 

16.5 

5.0 

11.5 

23.0 

.013 

20.0 

30 

15.5 

5.0 

10.5 

21.0 

.0095 

20.0 

1  hr. 

15.0 

5.0 

10.0 

20.0 

.0068 

20.3 

2 

13.2 

5.0 

8.2 

16.4 

.00d8 

20.4 

4 

13.  1 

5.0 

8.1 

16.2 

.  0034 

20.7 

8 

12.4 

4.7 

7.7 

15.4 

.0024 

21.1 

24 

11.9 

4.9 

7.0 

14.0 

.0014 

20.0 

Retained 
Mesh  No. 

on  Sieve 

Size  (mm) 

Sample  v/t. 
(grams) 

Cumulative  wt. 
(grams) 

Cumulative  wt, 

(per  cent) 

60 

.250 

0.  17 

0.  17 

0.34 

80 

.177 

0.17 

0.34 

0.68 

120 

.125 

1.43 

1.77 

3.54 

170 

.088 

7.11 

8.99 

17.98 

230 

.063 

12.65 

21.64 

43.28 

PAN 

1.20 

22.74 

45.48 

Other  Data: 

Percentage  Sand 

43.3 

Sand  Sample  Wt.  22/77  g. 

Percentage  Silt 

42.2 

*  Percentage  Clay 

14.5 

Textural  Designation 

Loam 

*less  than  2  microns 
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Sample  No.  T.H.  67-4  Unit  E 
48'  Below  surface 


Samp! 

e  Wt.  50  g. 

Time 

Hydrometer 

reading 

Composite 

correction 

Corrected 

reading 

Percentage 

remaining 

in 

Diameter 

in 

Temp. 

elapsed 

(A) 

(B) 

(C=A-B) 

suspension 

mm 

X 

30  sec. 

54. 1 

4.2 

49.9 

99.8 

.055 

20.0 

1  min. 

52.8 

4.2 

4-8.6 

97.2 

.039 

20.0 

2 

49.0 

4.2 

44.8 

89.6 

.029 

20.0 

4 

42.9 

4.2 

38.7 

77.4 

.022 

20.0 

8 

35.3 

4.2 

31.1 

62.2 

.016 

20.0 

15 

29.6 

4.2 

25.4 

50.8 

.012 

20.0 

30 

24.9 

4.2 

20.7 

41.4 

.0089 

20.0 

1  hr. 

22.3 

4.3 

18.0 

36.0 

.0064 

20. 1 

2 

19.5 

4.2 

15.3 

30.6 

.0048 

20.4 

4 

18.3 

4.3 

14.0 

28.0 

.0033 

20.6 

24 

16.3 

4.2 

12. 1 

24.2 

.0014 

19.5 

Retained  on  Sieve 

Mesh  No.  Size  (mm) 

Sample  w1 , 
(grams) 

Cumulative  wt. 
(grams) 

Cumulative  wt. 

(per  cent) 

230  . 063 

0.  14 

0.28 

Other  Data: 

Ferceritage  Sand 

0.3 

Sand  fraction  -  very  fine  coal 

Percentage  Silt 

74.7 

*  Percentage  Clay 

25.0 

Textural  Designation 

Si  It  Loam 

*less  than  2  microns 
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Semple  No.  T.H.  67-4  UnitE 
64'  Below  surface 
Sample  V/t.  50  g. 


Time 

elapsed 

hlydrometer 

reading 

(A) 

Composite  Corrected 
correction  reading 

(B)  (C=A-B) 

Percentage 

remaining 

in 

suspension 

Diameter 

in  '1 

mm 

emp. 

°C 

15  sec. 

51 

3.2 

47.8 

95.6 

.076 

23.5 

30 

50.3 

3.2 

47.1 

94.2 

.054 

23.5 

1  min. 

49.4 

3.2 

46.2 

92.4 

.039 

23.5 

2 

48.7 

3.2 

45.5 

91.0 

.027 

23.5 

4 

48.4 

3.2 

45.2 

90.4 

.020 

23.5 

8 

45.8 

3.2 

42.6 

85.2 

.014 

23.5 

15 

40.5 

3.2 

37.3 

74.6 

.011 

23.5 

30 

32,3 

3.4 

28.9 

57.8 

.0081 

23.5 

1  hr. 

25.6 

3.4 

22.2 

-W.4 

.0060 

23.5 

2 

20.3 

3.3 

17.0 

34. 0 

.0044 

23.7 

4 

17.9 

3.7 

14.2 

28.4 

.0032 

23.0 

8 

16.0 

3.7 

12.2 

24.4 

.0023 

23.6 

24 

15.3 

5.0 

10.3 

20.6 

.0014 

20.2 

Retained 

on  Sieve 

Sample  wt. 

Cumulative  wt. 

Cumula  live 

!  wt. 

Mesh  No. 

Size  (mm) 

(grams) 

(grams) 

(per  cent) 

35 

.500 

0.37 

0.37 

0.74 

60 

.250 

0.75 

1.12 

2.24 

80 

.177 

0.50 

1.62 

3.24 

120 

.125 

0.61 

2.23 

4.46 

170 

.088 

0.50 

2.73 

5.46 

230 

.063 

0.55 

3.28 

6.56 

PAN 

0.01 

3,29 

6.58 

Other  Data 

Percentage  Sand 

6. 6 

Sand  Samp! 

e  VVt.  3.  35 

g- 

Percentage  Silt 

69.9 

*  Percentage  Clay 

23.5 

Textural  Designation 

Si  It  Loam 

*less  than  2  microns 
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Samp! 

Sarnpl 

e  No.  T.H. 

O' -5' 
e  Wv.  50  g. 

67-4  UnitF 

Below  surface 

Time 

Hydrometer 

reading 

Composite 
correcti  on 

Corrected 

reading 

Percentage 

remaining 

in 

Diameter 

in 

Terrip. 

elapsed 

(A) 

(B) 

(C=A-B) 

suspension 

mm 

°C 

30  sec. 

23.5 

5.0 

18.5 

37.0 

.070 

20.0 

1  min. 

18.0 

5.0 

13.0 

26.0 

.051 

20.0 

2 

16.6 

5.0 

11.6 

23.2 

.037 

20.0 

4 

16.8 

5.0 

13.8 

27.6 

.026 

20.0 

8 

16.3 

5.0 

11,3 

22,6 

.018 

20.0 

15 

16.  1 

4.9 

11.2 

22.4 

.013 

20.0 

30 

15.8 

4.9 

10.9 

21.8 

.0095 

20.0 

1  hr. 

15.2 

5.0 

10.2 

20.4 

.0067 

20.0 

2 

14.7 

5.0 

9.7 

19.4 

.0048 

20.4 

4 

14.3 

5.0 

9.3 

18.6 

.0034 

20.7 

8 

13.9 

4.8 

9.1 

18.2 

.0024 

21.0 

24 

13.2 

4.9 

8.3 

16.6 

.0014 

20.0 

Retained 
Mesh  No. 

on  Sieve- 
Size  (mm) 

Sample  v/t. 
(grams) 

Cumulative  wt. 
(grams) 

C urn ulo five  vyr. 
(percent) 

60 

.250 

0.  17 

0,  17 

0.34 

80 

.  177 

1.31 

1.48 

2.96 

120 

.125 

5.99 

7.47 

14.94 

170 

.088 

16.27 

23.74 

47.48 

230 

.063 

12.00 

35.74 

71.48 

PAN 

0.57 

36.31 

72.62 

Other  Data: 

Percentage  Sand 

71.5 

Sand  Sample  V'/t.  36.31 

Percentage  Silt 

11.0 

*  Percentage  Clay 

17.5 

Textural  Designation 

Sandv 

/ 

*less  ihan  2  microns 
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Sample  No«  T.H,  67-5  Unit  B 

18'  Below  surface 

Sample  V/t.  50  g. 


Time 

elapsed 

Hydrometer 

reading 

(A) 

Composite 

correction 

(B) 

Corrected 

reading 

(C-A-B) 

Percentage 

remaining 

in 

suspension 

Diameter 

in 

mm 

Temp. 

°C 

15  sec. 

33 

5.5 

27.5 

55.0 

.094 

20.0 

30 

3L2 

5.5 

25.7 

51.4 

.067 

20.0 

1  min. 

29.  1 

5.5 

23.6 

47.2 

.048 

20.0 

2 

27.6 

5.3 

22.3 

44.6 

.034 

20.0 

4 

2 

- 

“ 

- 

- 

20.0 

8 

25.2 

5.3 

19.9 

39.8 

.017 

20.0 

15 

24.2 

5.3 

18.9 

37.8 

.013 

20.0 

30 

23.0 

5.3 

17.7 

35.4 

.0091 

20.0 

1  hr. 

22.0 

5.2 

16.8 

33.6 

.0064 

20.3 

2 

20.5 

5.6 

14.9 

29.8 

.  0045 

20.5 

4 

19.5 

4.8 

14.7 

29.4 

.0033 

20.5 

8 

17.6 

4.9 

12.7 

25.4 

.0023 

21.0 

24 

16.8 

5.6 

11.2 

22.4 

.0014 

18.5 

Retained  on  Sieve 

Mesh  No.  Size  (mm) 

Sample  wt. 
(grams) 

Cumulative  Vv't. 
(grams) 

Cumulative  v/t, 

(per  cent) 

35 

.500 

3.79 

3.79 

7.58 

60 

.250 

5.70 

9.  49 

18.98 

80 

.177 

4.02 

13.51 

27.02 

120 

.125 

3.21 

16.72 

33.44 

170 

.080 

3.  13 

19.85 

39.70 

230 

.063 

2.27 

22.  12 

44.24 

PAN 

.02 

22.  14 

44.28 

Other  Data: 

Percentage  Sand 

44.2 

Sand  Sample  Wt.  22.22  g. 

Percentage  Silt 

31.3 

*  Percentage  Clay 

24.5 

Textural  Designation 

Loam 

*less  than  2  microns 
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Sample  No.  T.H.  67-5  UnitC 

84' “88'  Below  surface 
Sample  V/t.  50  g. 


Time 

elapsed 

Hydrometer 

reading 

(A) 

Composite 
correcti  on 

(B) 

Corrected 

reading 

(C=A“B) 

Percentage 

remaining 

in 

suspension 

Diameter 

in 

mm 

Temp. 

"C 

15  sec. 

17.5 

4.8 

12.7 

25.4 

.100 

21.0 

30 

13.5 

4.8 

8.7 

17.4 

.073 

21.0 

1  min. 

11.4 

4.8 

6.6 

13.2 

.053 

21.0 

2 

10.0 

4.8 

5.2 

10.4 

.037 

21.0 

4 

9.3 

4.8 

4.5 

9.0 

.027 

21.0 

8 

9.0 

4.8 

4.2 

8.4 

.019 

21.0 

15 

8.8 

5.0 

3.8 

7.6 

.014 

21.0 

30 

7.  9? 

5.0 

2.9 

5.8 

.0098 

21.0 

1  hr. 

8.0 

5.3 

2.7 

5.4 

.0069 

21.0 

2 

7.2 

5.2 

2.0 

4.0 

.0049 

21.5 

4 

6.9 

4.8 

2.1 

4.2 

.0035 

21.5 

8 

6.7 

5.0 

1.7 

3.4 

.0024 

22.0 

24 

6.6 

5. 1 

1.5 

3.0 

.0014 

20.5 

Retained 
Mesh  No. 

on  Sieve 

Size  (mm) 

Sample  wt. 
(grams) 

Cumulative  wt. 
(grams) 

Cumulative  v/t, 
(per  cent) 

35 

.500 

0.81 

0.81 

1.62 

60 

.250 

7.08 

7.89 

15.78 

80 

.  177 

16.57 

24.46 

48.92 

120 

.  125 

7.45 

31.91 

63.82 

170 

.080 

5.20 

37.  11 

74.22 

230 

.  063 

3.24 

40.35 

80.70 

PAN 

0.  11 

40.46 

80.92 

Ot'ner  Data: 

Sand  Sample  VVt,  40.47  g. 
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Sample  No.  T.H.  67-5  Unit  E 
54'  Below  surface 
Sample  Wt.  50  g. 


Time 

elapsed 

My  drome  ter 
reading 
(A) 

Composite 
correct!  on 

(B) 

Corrected 
read!  ng 
(C-A-B) 

Percentage 

remaining 

in 

suspension 

Diameter 

in 

mm 

Temp. 

"C 

15  sec. 

55.0 

4.2 

50.8 

.077 

20.0 

30 

54. 2 

4.2 

50.0 

100 

.055 

20.0 

1  min. 

53.9 

4.2 

49.7 

79.4 

.039 

20.0 

2 

53,3 

4.2 

49.1 

98.2 

.028 

20.0 

4 

53.0 

4.2 

48.8 

97.6 

.020 

20.0 

8 

51.0 

4.2 

46.8 

93.6 

.014 

20.0 

15 

4-6.8 

4.3 

42.5 

85.0 

.011 

20.0 

30 

38.  4 

4.3 

34. 1 

68.2 

.0082 

20.1 

1  hr. 

30.3 

4.6 

25.7 

51.4 

.0061 

20.2 

2 

23.8 

4.2 

19.6 

39.2 

.0044 

21.5 

4 

19.5 

4.  1 

15.4 

30.6 

.0032 

20.6 

8 

17.  1 

3.9 

13.2 

26.4 

.0023 

21.0 

24 

15.3 

4.8 

10.5 

21.0 

.0014 

20.0 

Retained 

on  Sieve 

Sample  v/t. 

Cumulative  wt. 

Cumulative  v/t. 

Mesh  No. 

Size  (mm) 

(grams) 

(grams) 

(per  cent) 

230 

.063 

0.  17 

0.34 

Percentage  Sand 

0.3 

Percentage  Silt 

74.  7 

*  Percentage  Clay 

25.0 

Textural  Designation 

Silt  Loam 

*less  than  2  microns 
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SampI 

Samp! 

e  No.  T.M. 

60'  B 
e  Wt.  50  g. 

67-5  Unite 
slow  surface 

Mydrometer 

Composite 

Corrected 

Percentage 

remaining 

Diameter 

1  ime 

reading 

correct!  on 

reading 

in 

i  n 

Temp. 

elapsed 

(A) 

(B) 

(C=A-B) 

suspension 

mm 

°C 

15  sec. 

54 

3.2 

50.8 

.073 

23.5 

30 

53.5 

3.2 

50.3 

- 

.052 

23.5 

1  min. 

53.  1 

3.2 

49.9 

99.8 

,037 

23.5 

2 

52.  9? 

3.2 

49.7 

99.4 

.026 

23.5 

4 

52.7? 

3.2 

49.5 

99.0 

.019 

23.5 

8 

50.9 

3.2 

47.7 

95.4 

.013 

23.5 

15 

47.9 

3.4 

44.5 

89.0 

.010 

23.5 

30 

41.9 

- 

“ 

- 

23.5 

1  hr. 

37.5 

3.4 

34.1 

68.2 

.0055 

23.5 

2 

33.3 

3. 6 

29.7 

59.4 

.0040 

23.7 

4 

29.5 

3.8 

25.7 

51.4 

.0030 

23.0 

8 

26.3 

3.8 

22.5 

45.0 

.0021 

23.5 

24 

24.2 

5.0 

19.2 

38.4 

.0013 

20.3 

Retained 

on  Sieve 

Sample  wt.  Cumulative  wt. 

Cumulative  wt. 

Mesh  No. 

Size  (mm) 

(grams) 

(grams) 

(per  cent) 

230 

.063 

.03 

.06 

Percentaas  Sand 

0.  1 

Percentage  Si  1 1 

56.0 

Percentage  Clay 

43.9 

Textural  Designation 

Silty  Clay 

*less  than  2  microns 


1 


.  Au/5  W'5|^  .  06 
-*  '*  ‘■’  ■  v;i  Ctt  ,'CH 


;  •  ' 

■■  • '  ■' 

'•  ■ 

»:  >J1‘^’^ 

• 

r  J,  fl.'u^t 

1  ^.'v  r^O 

.  jr»^=*T 

rii 

ul 

y* 

inni 

r  '  /.V-;-.^t 

.„S;:0i21,, 

:.o': 

r^d. 

nM 

ZM 
•  ♦ 

^ .  it 

Nk'O. 

2.V'? 

“*  «  ' 

V 

i’ ' 

0,^ 

?  '  *'* 

yit). 

f  A?* 

W#U. 

0 

4.li5t 

- 

- 

'.■  "A 
^  1  -  •'• 

1 

^  /.‘'t 

oT^ 

V.I? 

V.-'.: 

r  1^  ' 

d.ttf 

0  01 

>'M. 

h^^lik. 

r 

1  « 

* 

^  ■  -;  i--rA _ ^ ^ 


jO, 


*  fc.  .. 


f'a  ^  jk. 


I  .0 

\.jO 


142 


Sample  No.  T.H.  67-6  Unit  B 
94'  Below  sLirface 
Sample  V/t.  50  g. 


Time 

elapsed 

Hydrometer 

reading 

(A) 

Composite 

correction 

(B) 

Corrected 

reading 

(C=A-B) 

Percentage 

remaining 

in 

suspension 

Diameter 

in 

mm 

Temp. 

°C 

15  sec. 

34.5 

5.3 

29.2 

58.4 

.093 

20.0 

30 

30.5 

5.3 

25.2 

50.  4 

.067 

20.0 

1  min. 

27.8 

5.3 

22.5 

45.0 

.048 

20.0 

2 

25.8 

5.3 

20.5 

41.0 

.035 

20.0 

4 

25.0 

5.3 

19.7 

39.4 

.025 

20.0 

8 

24.1 

5.3 

18.8 

37.6 

.018 

20.0 

15 

23.  1 

5.3 

17.8 

35.6 

.013 

20.0 

30 

21.3 

5.3 

16.0 

32.0 

.0092 

20.0 

1  hr. 

20.  1 

5.2 

14.9 

29.8 

.0065 

20.3 

2 

18.9 

5.  6 

13.3 

26.6 

.0046 

20.5 

4 

17.2 

d.8 

12.4 

24.  8 

.0033 

20.5 

8 

16.2 

4.9 

11.3 

22.6 

.0023 

21.0 

24 

15.2 

5.5 

9.7 

19.4 

.0014 

18.5 

Retained  on  Sieve 

Mesh  No.  Size  (mm) 

Sample  v/t. 
(grams) 

Cumulative  v/t. 
(grams) 

Cumulative  v/t. 

(per  cent) 

35 

.500 

2.03 

2.03 

4.06 

60 

.250 

4. 60 

6.63 

13.26 

80 

.177 

3.53 

10.  16 

20.32 

120 

.  125 

4.33 

14.  49 

28.98 

170 

.080 

3.62 

18.  11 

36.22 

230 

.063 

3.54 

21.65 

43.30 

PAN 

0.50 

22.  15 

44.30 

Other  Data:  Percentage  Sand  43.3 

Sand  Sample  V7t.  22.22  g.  Percentage  Silt  35.1 

*Percentage  Clay  21.6 

Textural  Designation  Loam 


Ness  than  2  microns 
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Sample  No.  T.H.  67-6  Unit  E 
27'  Below  surface 
Sample  Wt.  50  g. 


Time 

elapsed 

Hydrometer 

reading 

(A) 

Composite 
correct!  on 

(B) 

Corrected 

reading 

(C=A-B) 

Percentage 

remaining 

in 

suspension 

Diameter 

in 

mm 

Temp. 

0  ^ 

15  sec. 

54 

4.8 

49.2 

98.4 

.079 

20.0 

30 

53,2 

4.8 

48.4 

96.8 

.056 

20.0 

1  min. 

52.  1 

4.8 

47.3 

94.6 

.040 

20.0 

2 

51.4 

4.8 

46.6 

93.2 

.028 

20.0 

4 

49.9 

4.8 

45. 1 

90.2 

.020 

20.0 

8 

47.9 

4.8 

43.1 

86.2 

.015 

20.0 

15 

45.7 

5.0 

40.7 

81.4 

.011 

20.0 

30 

43.  1 

5.0 

38. 1 

76.2 

.0079 

20.3 

1  hr. 

40.  4 

5.0 

35.4 

70.8 

.0057 

20.4 

2 

38.4 

5.0 

33.4 

66.8 

.0041 

20.4 

4 

36.  1 

5.0 

31.1 

62.2 

.0030 

20.7 

8 

32.7 

4.7 

28.0 

56.0 

.0021 

21.1 

24 

29.  1 

4.7 

24.4 

48.8 

.0013 

20.0 

Retained 
Mesh  No. 

on  Sieve 

Size  (mirn) 

Sample  wt. 
(grams) 

Cumulative  wt. 
(grams) 

Cumulative  v/t. 

(per  cent) 

120 

.125 

.03 

.03 

.06 

170 

.088 

.14 

.  17 

.34 

230 

.063 

.  55 

.72 

1.44 

Percentage  Sand 

0.  1 

Percentage  Silt 

44.  9 

Percentage  Clay 

55.0 

Textural  Designation 

Silty  Clay 

*less  than  2  microns 
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Sample  No.  T.H.  67-6  Unit  F 
42'  Below  surface 
Sample  V/r.  50  g. 


Time 

elapsed 

Hyd  rometer 
reading 

(A) 

Composite 
correcti  on 

(B) 

Corrected 

reading 

(C-A-B) 

Percentage 

remaining 

in 

suspension 

Diameter 

in 

mm 

Temp. 

°C 

1  min. 

53.2 

3.4 

49.8 

99.  6 

.037 

23.5 

2 

52.8 

3.4 

49.4 

98.8 

.026 

23.5 

4 

- 

3.4 

- 

- 

- 

23.5 

8 

51.8 

3.4 

4.8.4 

96.8 

.013 

23.5 

15 

49.5 

3.4 

46.1 

92.2 

.010 

23.5 

30 

45.7 

3.4 

42.3 

84.6 

.0073 

23.5 

1  hr. 

41.9 

3.3 

38.6 

77.2 

.0053 

23.7 

2 

39.6 

3.6 

36.0 

72.0 

.0038 

23.5 

4 

37.0 

3.8 

33.2 

66.4 

.0028 

22.8 

8 

34.  1 

3.9 

30.2 

60.4 

.0020 

23.5 

24 

31.9 

5.0 

26.9 

53.8 

.0012 

20.5 

Retained  on  Sieve 

Mesh  No.  Size  (rn rn) 

Sample  v/t. 
(grams) 

Cumulative  wt. 
(grams) 

Cumulative  v/t. 

(per  cent) 

170 

.080 

.13 

.  13 

.26 

230 

.063 

.08 

.21 

.42 

Percentage  Sand 
Percentage  Silt 
'"Percentage  Clay 

Textural  Designation 

0.4 

39.  1 

60.5 

Heavy  Cloy 

*less  than  2  microns 
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Sample  No.  T.H.  67-6  Unit  E 
50'  Below  surface 
Sample  Wt.  50  g. 


Time 

elapsed 


Hydrometer 

reading 

(A) 


Composite 

correction 


(B) 


Corrected 

reading 

(C=A-B) 


Percentage 

remaining 

in 

suspension 


Diamete  r 

in  Temp, 

mm  “^C 


15  sec. 

- 

3.2 

- 

30 

53.  2 

3.2 

50.0 

1  min. 

53.  1 

3.2 

49.9 

99.8 

2 

52.9 

3.2 

49.7 

99.4 

4 

52.9 

3.3 

49.6 

99.2 

8 

52.7 

3.4 

49.3 

98.6 

15 

51.2 

3.4 

47.8 

95.6 

30 

48.9 

3.4 

45.5 

91.0 

1  hr. 

46. 1 

3.4 

42.7 

85.4 

2 

43.  1 

3.6 

39.5 

79.0 

4 

39.5 

00 

« 

CO 

35.7 

71.4 

8 

36.  1 

3.9 

32.2 

64.4 

24 

33.3 

5.0 

28.3 

56.6 

Retained  on  Sieve 

Sample  v/t. 

Cumulative  wt. 

Mesh  No.  Size  (mm) 

(grams) 

(grams) 

23.5 

.053  23.5 

.037  23.5 

.026  23.5 

.019  23.5 

.013  23.5 

.0098  23.5 

.0071  23.5 

.0051  23.5 

.0037  23.6 

.0028  22. 

.0019  23. 

.0012  20.4 


Cumulative  wt. 
(per  cent) 


230 


.063 


.01 


.01 


.02 


Percentage  Sand 

0.0 

Percentage  Si  1 1 

34.8 

*Percentage  Clay 

65.2 

Textural  Designation 

Heavy  Clay 

*less  than  2  microns 
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Sample  No.  T.  H.  67-6  Unit  E 
55'  Below  surface 
Sample  V/t.  50  g. 


Time 

elapsed 

Hydrometer 

reading 

(A) 

Composite 
correcti  on 

(B) 

Corrected 

reading 

(C=A-B) 

Percentage 

remaining 

in 

suspension 

Diameter 
i  n 

mm 

Temp. 

°C 

15  sec. 

45.0 

5.0 

40.0 

80.0 

.084 

21.0 

30 

43.8 

5.0 

38.8 

77.6 

.060 

21.0 

1  rnin. 

42.5 

5.0 

37.5 

75.0 

.043 

21.0 

2 

41.3 

5.0 

36.3 

72.6 

.031 

21.0 

4 

41.  1 

5.0 

36.1 

72.2 

.022 

21.0 

8 

39.  1 

5.0 

34.1 

68.2 

.016 

21.0 

15 

35.  1 

5.0 

30.1 

60.2 

.012 

21.0 

30 

28.9 

5.2 

23.7 

47.  4 

.0087 

21.0 

1  hr. 

22.7 

5.3 

17.4 

34.8 

.0064 

21.0 

2 

19.0 

5.0 

14.0 

28.0 

.0046 

21.5 

4 

16.2 

4.6 

11.6 

23.2 

.0033 

21.7 

8 

15.0 

5.0 

10.0 

20.0 

.0023 

22.0 

24 

13.  1 

5.  1 

8.0 

16.0 

.0014 

20.6 

Retained 
Mesh  No. 

on  Sieve 

Size  (mm) 

Sample  wt. 
(grams) 

Cumulative  wt. 
(grams) 

Cumulative  wt. 

(per  cent) 

35 

.500 

1.19 

1.  19 

2.38 

60 

.250 

2.17 

3.36 

6.72 

80 

.177 

1.80 

5.  16 

10.32 

120 

.  125 

2.07 

7.23 

14.46 

170 

.080 

1.35 

8.58 

17.16 

230 

.063 

1.09 

9.67 

19.34 

PAN 

0.05 

9.72 

19.44 

Other  Data: 

Percentage  Sand 

19.3 

Sand  Sample  Wt.  9.72  g. 

Percentage  Silt 

62.3 

’’'Percentage  Clay 

18.4 

Textural  Designation 

Si  It  Loam. 
(Lacustrine 

Till?) 

^'less  than  2  microns 
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Sample  No.  T.M.  67-6  Uni!  E 

60' “64'  Below  surface 
Sample  Wt.  50  g. 


Time 

elapsed 

Hydrometer 

reading 

(A) 

Composite 

correction 

(B) 

Corrected 

reading 

(C=A“B) 

Percentage 

remaining 

in 

suspension 

Diameter 

i  n 

mm 

Temp. 

°C 

30  sec. 

45.5 

3.4 

42.1 

84.2 

.057 

23.5 

1  min. 

39.3 

3.4 

35.9 

71.8 

.042 

23.5 

2 

31.2 

3.4 

27.8 

55.6 

.032 

23.5 

4 

26.0 

3.4 

22.6 

45.2 

.023 

23.5 

8 

22.3 

3.4 

18.9 

37.8 

.017 

23.5 

15 

20.0 

3.4 

16.6 

33.2 

.012 

23.5 

30 

18.  1 

3.4 

14.7 

29.4 

.0089 

23.5 

1  hr. 

15.9 

3.3 

12.6 

25.2 

.0063 

23.7 

2 

14.9 

3.6 

11.3 

22.6 

.0045 

23.5 

4 

13.9 

3.8 

10.1 

20.2 

.0033 

22.9 

8 

13.3 

4.0 

9.3 

18.6 

.0023 

23.4 

24 

13.0 

4.9 

8.1 

16.2 

.0013 

23.5 

Retained 
Mesh  No. 

on  Sieve 

Size  (mm) 

Sample  wt. 
(grams) 

Cumulative  wt. 
(grams) 

Cumulative  v/t. 

(per  cent) 

60 

.250 

0.00 

0.00 

0.00 

80 

.177 

0.03 

0.03 

0.06 

120 

.  125 

0.37 

0.40 

0.80 

170 

.088 

0.80 

1.20 

2.40 

230 

.063 

3.19 

4.  39 

8.78 

PAN 

0.90 

5.29 

10.58 

Other  Data: 

Percentage  Sand 

8.8 

Sand  Sample  Wto  5.39  g. 

Percentage  Silt 
*  Percentage  Clay 
Textural  Designation 

73.4 

17.8 

Si  It  Loam 

*less  ihcifi  2  microns 
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Sample  No.  T.H.  67-6  Unit  F 

0'-5'  Belov/  surface 

Sample  Wt.  50  g. 

Time 

elapsed 

Hydrometer 

reading 

(A) 

Composite 

correction 

(B) 

Coi  rected 
reading 
(C=A-B) 

Percentage 

remaining' 

in 

suspension 

Diameter 
i  n 

mm 

Temp. 

°C 

15  sec. 

27 

5.0 

22.0 

44.0 

.097 

20.0 

30 

22,5 

5.0 

17.5 

35.0 

.071 

20.0 

1  min. 

19.0 

5.0 

14.0 

28.0 

.051 

20.0 

2 

17.0 

5.0 

12.0 

24.0 

.036 

20.0 

4 

17.4 

5.0 

12.4 

24.8 

.026 

20.0 

8 

16.9 

5.0 

11.9 

23.8 

.018 

20.0 

15 

16.  1 

5.0 

11.1 

22.2 

.013 

20.0 

30 

15.  1 

5.0 

10.1 

20.2 

.0096 

20.0 

1  hr. 

14.4 

5.0 

9.4 

18.8 

.  0067 

20.3 

2 

14.0 

5.0 

9.0 

18.0 

.0048 

20.4 

4 

13.6 

5.0 

8.6 

17.2 

.0034 

20.7 

8 

12.6 

4.7 

7.9 

15.8 

.0024 

21.1 

24 

12.  1 

4.8 

7.3 

14.6 

.0014 

20.0 

Retained  on  Sieve 

Mesh  No.  Size  (mm) 

Sample  v\'t, 
(grams) 

Cumulative  wt. 
(grams) 

Cumulative  wt. 

(per  cent) 

60 

.250 

5.56 

5.56 

11.12 

80 

.177 

6.62 

12.  18 

24.36 

120 

.  125 

7. 47 

19.65 

39.30 

170 

.088 

5.65 

25.30 

50.60 

230 

.063 

7.30 

32.60 

65.20 

PAN 

1.91 

34.51 

69.02 

Other  Data: 

Percentage  Sand 

65.2 

Sand  Sample  Wt.  34.55  g. 

Percentage  Silt 

19.8 

*Percentoge  Clay 

15.0 

Textural  Designation 

Sandy  Loam 

*less  than  2  microns 
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Sample  No.  T.H.  67~7  Unit  C 

1 1 1  '“1  13'  Below  surface 
Sample  Wt.  50  g. 


Time 

elapsed 

Hydrometer 

reading 

(A) 

Composite 

correction 

(B) 

Corrected 

reading 

(C=A-B) 

Percentage 

remaining 

In 

suspension 

Diameter 

I  n 

mm 

Temp. 

^C 

15  sec. 

38 

5.3 

32.7 

65.4 

.090 

20.0 

30 

36.5 

5.3 

31.2 

62.4 

.065 

20.0 

1  min. 

35.3 

5.3 

30.0 

60.0 

.046 

20.0 

2 

34.0 

5.3 

28.7 

57.4 

.033 

20.0 

4 

33.4 

5.3 

28.1 

56.2 

.023 

20.0 

8 

30.0 

5.3 

24.7 

49.4 

.017 

20.0 

15 

26.4 

5.3 

21.1 

42.2 

.013 

20.3 

30 

22.4 

5,2 

17.2 

34.4 

.0091 

20.3 

1  hr. 

19.9 

5.9 

14.0 

28.0 

.0065 

20.5 

2 

16.3 

5.0 

11.3 

22.6 

.0047 

20.5 

4 

13.8 

4.9 

8.9 

17.8 

.0034 

20.5 

8 

11.9 

4.9 

7.0 

14.0 

.0024 

21.0 

24 

11.1 

5.3 

5.8 

11.6 

.0014 

18.7 

Retained 
Mesh  No. 

on  Sieve 

Size  (mm) 

Sample  wt. 
(grams) 

Cumulative  wt. 
(grams) 

Cumulative  wt. 

(per  cent) 

18 

1 . 000 

4.72 

4.72 

9.44 

35 

0.500 

4.  13 

8.  85 

17.70 

60 

0.250 

3.21 

12.06 

24.  12 

120 

0.  125 

2.39 

14.45 

28.90 

170 

0.080 

1.12 

15.57 

31. 14 

230 

0.063 

0.72 

16.29 

32.58 

PAN 

0.05 

16.34 

32.68 

Other  Data: 

Percentage  Sand 

32.6 

Sand  Sample  Wt.  16.48  g. 

Percentoge  Silt 

54.4 

*Percentoge  Clay 

13.0 

Textural  Designation 

SI  It  Lc 

*less  than  2  microns 
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Sample  No.  T.H. 

100' 

Sample  Wt.  50  g. 

67-7  UnitD 
Below  surface 

Time 

Hydrometer 

reading 

Composite 

correction 

Corrected 

reading 

Percentage 

remaining 

in 

Diameter 

i  n 

Temp, 

elapsed 

(A) 

(B) 

(C=A-B) 

suspension 

mm 

°C 

15  sec. 

37 

5.0 

32.0 

64.0 

,090 

21.0 

30 

33 

5.0 

28.0 

56.0 

.065 

21.0 

1  min. 

30.5 

5.0 

25.5 

51.0 

.047 

21.0 

2 

28.5 

5.0 

23.5 

47.0 

.034 

21.0 

4 

28.0 

5.0 

23.0 

46.0 

.024 

21.0 

8 

25.5 

5,0 

20.5 

41.0 

.017 

21.0 

15 

23.9 

5,0 

18.9 

37.8 

.012 

21.0 

30 

22.  1 

5.3 

16.8 

33.6 

.0090 

21.0 

1  hr. 

20.  1 

5.3 

14.8 

29.6 

.0065 

21.0 

2 

18.  1 

5.  1 

13.0 

26.0 

.0046 

21.5 

4 

16.7 

4.6 

12.  1 

24.2 

.0033 

21.7 

8 

15.7 

5.0 

10.7 

21.4 

.0023 

22.0 

24 

14.6 

5.  1 

9.5 

19.0 

.0014 

20.6 

Retained 
Mesh  No. 

on  Sieve 

Size  (rnm) 

Sample  v/t. 
(grams) 

Cumulative  wt. 
(grams) 

Cumulative  wt. 
(per  cent) 

35 

.500 

3.  40 

3.48 

6.96 

60 

.250 

5.59 

0.07 

18.  14 

80 

.177 

3.65 

12.72 

25.44 

120 

.125 

3.19 

15.91 

31.82 

170 

.080 

3.29 

19.20 

38.40 

230 

.063 

2.79 

21.99 

43.98 

PAN 

0. 13 

22.  12 

44.24 

Other  Data: 

Percentage  Sand 

44.0 

Sand  Sample  Wt.  22.  13  g. 

Percentage  Silt 

36.0 

*  Percentage  C  lay  20.0 

Textural  Designation  Loam 


*less  than  2  microns 
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Sample  No,  T.  I  L  67-7  Unit  E 
18'  Below  surface 
Sample  Wt.  50  g. 


Time 

elapsed 

hlydromster 

reading 

(A) 

Composite 

correction 

(B) 

Corrected 

reading 

(C=A~B) 

Percentage 

remaining 

in 

suspension 

Diameter 

i  n 

rrirn 

Temp. 

°C 

15  sec. 

38 

5.  1 

32.9 

65.8 

.090 

20.0 

30 

32 

5.  1 

26.9 

53.8 

.066 

20.0 

1  min. 

26 

5.  1 

20.9 

41.8 

.049 

20.0 

2 

23 

5.  1 

17.9 

35.8 

.035 

20.0 

4 

23 

5.  1 

17.9 

35.8 

.025 

20.0 

8 

21.8 

5.  1 

16.7 

33.4 

.018 

20.0 

15 

20.0 

5.0 

15.0 

30.0 

.013 

20.2 

30 

18.5 

5.0 

13.5 

27.0 

.0093 

20.2 

1  hr. 

17.  1 

5.0 

12.1 

24.2 

.0066 

20.5 

2 

15.3 

4.8 

10.5 

21.0 

.0047 

20.6 

4 

14.4 

4.3 

10.1 

20.2 

.0033 

21.0 

8 

13.7 

4.2 

9.5 

19.0 

.0024 

21.0 

24 

13.8 

5.3 

8.5 

17,0 

.0014 

20.0 

Retained 
Mesh  No. 

on  Sieve 

Size  (mm) 

Sample  v/t. 
(grams) 

Cumulative  v/t. 
(gra  ms) 

Cumulative  wt. 
(per  cent) 

60 

.250 

0.41 

0.41 

.82 

80 

.177 

1.68 

2,09 

4.18 

120 

.125 

4.20 

6.29 

12.58 

170 

,083 

7.95 

14.24 

28.48 

230 

.  063 

9.65 

23.  89 

47,78 

PAN 

0.65 

24.54 

49.08 

Other  Data: 

Percentage  Sand 

47.8 

Sand  Sample  Wt.  24.40  g. 

Percentage  Silt 

34.2 

*  Percentage  Clay 

18.0 

Textural  Designation 

Loam 

*less  ii'ian  2  microns 
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Sample  No.  T.  H.  67-7  Unit  E 
89’  Belov/  surface 
Sample  Wr.  50  g. 


Percentage 


Time 

elapsed 

Hydrometer 

reading 

(A) 

Composite 

correction 

(B) 

Corrected 

reading 

(C-A-B) 

remaining 

in 

suspension 

Diamete  r 

in 

mm 

Temp. 

"C 

30  sec. 

52.3 

3.4 

48.9 

97.8 

.053 

23.5 

1  min. 

51.8 

3.4 

48.4 

96.8 

.038 

23.5 

2 

51.0 

3.4 

47.6 

95.2 

.027 

23.5 

4 

50.8 

3.4 

47.4 

94.8 

.019 

23.5 

8 

47.2 

3.4 

43.8 

87.6 

.014 

23.5 

15 

41.7 

3.4 

38.3 

76.6 

.011 

23.5 

30 

33.8 

3.3 

30.5 

61.0 

.0080 

23.7 

1  hr. 

27.8 

3.3 

24.5 

49.0 

.0059 

23.7 

2 

22.7 

3.6 

19.1 

38.2 

.0043 

23.5 

4 

19.  1 

3.7 

15.4 

30.8 

.0032 

23.0 

8 

17.3 

4.0 

13.3 

26.6 

.0023 

23.0 

24 

16.  1 

4.8 

11.3 

22.6 

.0010 

23.5 

Retained 
Mesh  No. 

on  Sieve 

Size  (mm) 

Sample  \vt. 
(grams) 

Cumulative  wt. 
(grams) 

Cumulative  wt. 

(per  cent) 

35 

.500 

.09 

.09 

.18 

60 

.250 

.14 

.23 

.46 

120 

.  125 

.15 

CO 

CO 

.76 

170 

.080 

• 

o 

CO 

.46 

.92 

230  .063  .11  .57  1.14 


Percentage  Sand 

1.1 

Percentage  Silt 

73.7 

Percentage  Clay 

25.2 

Textural  Designation 

Si  It  Loam 

*  less  than  2  microns 
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Sample  No.  T.H. 

0'-5' 

Sample  VVt.  50  g. 

67-7  UnitF 

Below  surface 

Time 

Hyd  rorneter 
reading 

Composite 

correction 

Corrected 

reading 

Percentage 

remaining 

in 

Diameter 

in 

Temp. 

elapsed 

(A) 

(B) 

(C=A-B) 

suspension 

mm 

°C 

15  sec. 

26.5 

5.  1 

21.4 

42.8 

.098 

20.0 

30 

18.0 

5. 1 

12.9 

25.8 

.073 

20.0 

1  min. 

14.3 

5. 1 

9.2 

18.4 

.052 

20.0 

2 

13.7 

5.  1 

8.6 

17.2 

.037 

20.0 

4 

14.0 

5.  1 

8.9 

17.8 

.026 

20.0 

8 

13.9 

5.  1 

8.8 

17.6 

.019 

20.0 

15 

13.7 

5. 1 

8.6 

17.2 

.014 

20.0 

30 

12.9 

5,0 

7.9 

15.8 

.0096 

20.2 

1  hr. 

12.  1 

5.0 

7.1 

14.2 

.0058 

20.4 

2 

11.1 

4.7 

6.4 

12.8 

.0048 

20.5 

4 

10.7 

4.3 

6.4 

12.8 

.0034 

21.0 

8 

10.3 

4.2 

6.1 

12.2 

.0026 

21.0 

24 

10.9 

5.3 

5.6 

11.2 

.0014 

20.0 

Retained 
^Ae5h  No. 

on  Sieve 

Size  (mm) 

Sample  wt. 
(grorns) 

Cumulative  v/t. 
(grams) 

Cumulative  v/t. 

(per  cent) 

60 

.250 

0.25 

0.25 

.50 

80 

.177 

1.81 

2.06 

4.12 

120 

.125 

7.60 

9.66 

19.32 

170 

.088 

16.77 

26.43 

52.86 

230 

.063 

9.10 

35.53 

71.06 

PAN 

0.29 

35.82 

71.64 

Other  Data; 

Sand  Somple  V/t.  35^81  g. 


Percentage  Sand 
Percentage  Silt 
*  Percentage  Clay 
Textural  Designation 


71.1 

17.4 

11.5 

Sandy  Loam 


*less  than  2  microns 
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Sample  No.  T.H.  67“8  Unif  B 

135'-14]'  Below  surface 
Sample  Wt.  50  g. 


Time 

elapsed 

Hyd  rometer 
reading 

(A) 

Composite 

correction 

(B) 

Corrected 

reading 

(C=A-B) 

Percentage 

remaining 

in 

suspension 

Diameter 

in 

mm 

Temp. 

^C 

15  sec. 

35.5 

5.3 

30.2 

60.4 

.091 

20.3 

30 

31.7 

5,3 

26.4 

52.8 

,066 

20,3 

1  min. 

29.3 

5.3 

24.0 

48.0 

.048 

20.3 

2 

27.9 

5.3 

22.6 

45.2 

.034 

20.3 

4 

27.0 

5.3 

21.7 

43.4 

.024 

20.3 

8 

25.7 

5.2 

20.5 

41.0 

.017 

20.3 

15 

24.5 

5.2 

19.3 

38.6 

.013 

20.3 

30 

23.0 

5.  1 

17.9 

35.8 

.0090 

20.3 

1  hr. 

20.9 

5.1 

15.8 

31.6 

.0065 

20.3 

2 

20.0 

5.2 

14.8 

29.6 

.0046 

20.5 

4 

18.4 

4.9 

13.5 

27.0 

.0033 

20.5 

8 

17.0 

5.0 

12.0 

24.0 

.0023 

21.0 

24 

16.  1 

5.3 

10.8 

21.6 

.0014 

18.7 

Retained 
Mesh  No. 

on  Sieve 

Size  (mrri) 

Sample  v/t. 
(grams) 

Cumulative  v/t. 
(grams) 

Cumulative  wt. 
(per  cent) 

35 

.500 

3.92 

3.92 

7.84 

60 

.250 

5.47 

9.  39 

18.78 

80 

.177 

3.70 

13.09 

26.18 

120 

.125 

3.07 

16.  16 

32.32 

170 

.080 

3.10 

19.26 

38.52 

230 

.063 

2.46 

21.72 

43.44 

PAN 

0.11 

21.83 

43.66 

Other  Data; 

Percentage  Sand 

43.4 

Sand  Sample  Wt.  21.87  g. 

Percentage  Silt 

33.6 

*  Percentage  Clay 

23.0 

Textural  Designation 

Loam 

*less  than  2  microns 
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Sample  No.  T.  H.  67-S  Unit  D 
90'  Belov/  surface 
Sample  Wf.  50  g. 


Time 

elapsed 

Hydrometer 

reading 

(A) 

Composite 

correction 

(B) 

Corrected 

reading 

(C=A-B) 

Percentage 

remaining 

in 

suspension 

Diameter 

in 

mm 

Temp. 

°C 

15  sec. 

36.0 

3.8 

32.2 

64.4 

.092 

19.5 

30 

33.  3 

3.8 

29.5 

59.0 

.066 

19.5 

1  min. 

31.2 

3.8 

27.4 

54.8 

.  047 

19.5 

2 

29.0 

3.8 

25.2 

50.4 

.034 

19.5 

4 

28.4 

3.8 

24.6 

49.2 

.024 

19.5 

8 

26.3 

3.8 

22.5 

45.0 

.017 

19.5 

15 

25.0 

3.8 

21.2 

42.4 

.013 

19.5 

30 

23.5 

3.8 

19.7 

39.4 

.0091 

19.6 

1  hi'. 

21.7 

4.0 

17,7 

35.4 

.0064 

20.0 

2 

20.0 

4.3 

15.7 

31.4 

.0075 

20.1 

4 

18.0 

4.  1 

13.9 

27.8 

.0033 

20.6 

8 

16.3 

4.2 

12.1 

24.2 

.0023 

21.0 

24 

15.2 

4.2 

11.0 

22.0 

.0014 

19.5 

Retained 

on  Sieve 

Sample  v/t. 

Cumulative  v/t. 

Cumulative  wt. 

Mesh  No. 

Size  (rnrn) 

(grams) 

(grams) 

(per  cent) 

35 

.500 

1.68 

1.68 

3.36 

60 

.250 

4.27 

5.95 

1 1 . 90 

80 

.  1  77 

3,33 

9.28 

18.56 

120 

.125 

3.90 

13.  18 

26.36 

170 

.080 

3.51 

16.69 

33.38 

230 

.063 

3.26 

19.  95 

39.90 

PAN 

o 

e 

CO 

1  CO 

1 

! 

i 

20.33 

40.66 

Other  Date 

1 : 

Percentage  Sand 

39.9 

Sand  Sample  Wt.  20.49  g. 

Percentage  Silt 

36. 3 

*  Percentage  Clay 

23.8 

Textural  Designation 

Loam 

*less  than  2  microns 
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Sample  No.  T.H.  67--8  UnitL' 
25'  Below  surface 
Sample  Wr.  50  g. 


Percentage 

Hydrometer 

Compos!  ie 

Corrected 

remaining 

Diameter 

Time 

reading 

correction 

reading 

in 

in 

T6rnp , 

elapsed 

(A) 

(B) 

(C=A-B) 

suspensi  on 

mm 

°c 

15  sec. 

54 

5.0 

49.0 

98.0 

.079 

20.0 

30 

53.0 

5.0 

48.0 

96.0 

.056 

20.0 

1  min. 

52.2 

5.0 

47.2 

94.  4 

.040 

20.0 

2 

51.5 

5.0 

24.5 

93.0 

.028 

20.0 

4 

51.7 

5.0 

24.7 

93.4 

.020 

20.0 

8 

49.5 

5.0 

44. 5 

89.0 

.014 

20.0 

15 

24.0 

5.0 

41.0 

82.0 

.011 

20.0 

30 

42.4 

5.0 

37.4 

74.8 

.0079 

20.3 

1  hr. 

38.0 

5.0 

33.0 

66.0 

.0058 

20.4 

2 

34.0 

5.0 

29.0 

58.0 

.0042 

20.5 

4 

30.9 

5.0 

25.9 

51.8 

.0031 

20.7 

8 

27.6 

4.6 

23.0 

26.0 

.0022 

21.2 

24 

24.  1 

4.7 

19.4 

38.8 

.0013 

20.0 

Retained 

on  Sieve 

Sa  mp  1  e 

wt.  Cumulative  wt. 

Cumulative  wt. 

Mesh  No. 

Size  (rnrn) 

(grams) 

(grams) 

(per 

cent) 

120 

.125 

0.21 

0.21 

0. 

42 

170 

.088 

0.35 

0.56 

1. 

12 

230 

.063 

0.48 

1.04 

2. 

08 

Percentaae  Sand 

2.1 

Percentoqe  Silt 

54.1 

*Percentag3  Clay 

43.8 

Textural  DeHgnation 

Silty  Clay 

*less  ihan  2  microns 
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Sample  No.  T.H.  67-8  Unll  E 
66'  Below  surface 
Sample  V7i-.  50  g. 


Time 

elapsed 

Hydrometer 

reading 

(A) 

Composite 
correcti  on 

(B) 

Corrected 

reading 

(C=A-B) 

Percentage 

remaining 

in 

suspension 

Diamete  r 
in 

mm 

Temp. 

°C 

15  sec. 

53.0 

3.4 

49.6 

99.2 

.075 

23.5 

30 

51.8 

3.4 

481.4 

96.8 

.054 

23.5 

1  min. 

50.6 

3.4 

47.2 

94.4 

.038 

23.5 

2 

49.3 

3.4 

45.9 

91.8 

.027 

23.5 

4 

28.8 

3.4 

45.4 

90.8 

.020 

23.5 

8 

47.0 

3.4 

43.6 

87.2 

.014 

23.5 

15 

44.9 

3.4 

41.5 

83.0 

.010 

23.6 

30 

42.4 

3.3 

39.1 

78.2 

.0075 

23.7 

1  hr. 

40.3 

3.6 

36.7 

73.4 

.0054 

23.7 

2 

38.  1 

3.7 

34.4 

68.8 

.0039 

23.4 

4 

36.0 

3.8 

32.2 

64.  4 

.0028 

23.0 

8 

34.0 

4.0 

30.0 

60.0 

.0020 

23.0 

24 

31.  1 

4.7 

26.4 

52.8 

.0012 

20.5 

Retained  on 

Sieve 

Sample  v/t. 

Cumulative  wt. 

Cumulative  wt. 

Mesh  No. 

Size  (mm) 

(grams) 

(grams) 

(per  cent) 

60 

.250 

0.55 

0.55 

1.10 

80 

.177 

0.33 

0.88 

1.76 

120 

.125 

0.35 

1.23 

2.46 

170 

.088 

0,57 

1.80 

3.60 

230 

.063 

0.78 

2.58 

5.16 

PAN 

0.01 

2.59 

5.18 

Other  Data: 

Percentage  Sand 

5.2 

Sand  Sample 

Wt.  2.56  g. 

Percentage  Silt 

35.2 

*Percentage  Clay 

59.6 

Textural  Designation 

Clay 

*'less  than  '2  microns 
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Sample  No.  T.  H.  67-8  Unit  F 
7'  Below  surface 
Sample  VVf.  50  g. 


Time 

elapsed 

Hydrometer 

reading 

(A) 

Composite 
correct!  on 

(B) 

Corrected 

reading 

(C=A-B) 

Percentage 

remaining 

in 

suspension 

Diameter 

i  n 

mm 

Temp. 

°c 

15  sec. 

34 

5.1 

28.9 

57.8 

.092 

20.0 

30 

22.5 

5.  1 

17.4 

34.  8 

.070 

20.0 

1  min. 

16.2 

5.  1 

11.1 

22.2 

.052 

20.0 

2 

15.0 

5.1 

9.9 

19.8 

.037 

20.0 

4 

14.8 

5. 1 

9.7 

19.4 

.026 

20.0 

8 

14.0 

5.0 

9.0 

18.0 

.019 

20.0 

15 

13.3 

5.0 

8.3 

16.  6 

.014 

20.2 

30 

12.9 

5.0 

7.9 

15.8 

.0096 

20.3 

1  hr. 

12.2 

5.0 

7.2 

14.4 

.0068 

20.5 

2 

11.2 

4.8 

6.4 

12.8 

.0048 

20.6 

4 

10.2 

4.3 

5.9 

11.8 

.0034 

21.0 

8 

10.  1 

4.2 

5.9 

11.8 

.0024 

21.0 

24 

10.5 

4.9 

5.6 

11.2 

.0014 

20.0 

Retained  on  Sieve 

Mesh  No.  Size  (mm) 

Sample  wt. 
(grams) 

Cumulative  wt, 
(grams) 

Cumiulative  v/t. 

(per  cent) 

60 

.250 

0.31 

0.  31 

0.62 

80 

.  1 77 

1.01 

1.32 

2.64 

120 

.125 

7.43 

8.75 

17.50 

170 

.088 

14.  97 

23.72 

47.44 

230 

.063 

11.30 

35.  02 

70.04 

PAN 

1.31 

36.33 

72.66 

Other  Data: 

Percentage  Sand 

70.0 

Sand  Sample  Wt.  36.38  g. 

Percentage  Silt 

18.6 

*  Percentage  C  lay 

11.4 

Textural  Designation  Sandy  Loam 

*less  than  2  microns 
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APPENDIX  B.  SIEVE  ANALYSES  OF  SURFlCiAL  DEPOSITS 


Retained 

on  Sieve 

Sample 

Cumulative 

Cumulative 

Sample 

Mesh 

Size 

weight 

v/eight 

weight 

No, 

(rnrn) 

(grams) 

(grams) 

(per  cent) 

RS  Unit  A 

5 

4.00 

0.2 

0.2 

0.  1 

71 '  Belov/  surface 

10 

2.00 

0.  1 

0.3 

(sample  v/t. 

18 

1.00 

0.2 

0.5 

0.2 

243.8  g.) 

35 

0.500 

1.3 

1.8 

0.7 

45 

0.354 

4.  6 

6.4 

2.6 

60 

0.250 

33.4 

39.8 

16.2 

80 

0. 177 

67.7 

107.5 

23.7 

100 

0.149 

30. 1 

137.6 

56.0 

120 

0.125 

25.8 

163.4 

66.5 

170 

0.088 

- 

- 

- 

230 

0.063 

68.  6 

232.0 

94.5 

PAN 

13.5 

245.5 

100.0 

RS  Unit  A 

5 

4.00 

_ 

81 '  Belov/  surface 

10 

2.00 

„ 

(sample  v/t. 

18 

1.00 

0.2 

0.2 

0.  1 

244.0  gO 

35 

0.500 

1.3 

1.5 

0.6 

45 

0.354 

9.  1 

10.6, 

4.3 

60 

0.250 

52.  7 

63.3 

25.  8 

80 

0.177 

111.0 

174.3 

71.3 

100 

0.  149 

- 

„ 

- 

120 

0.125 

56.2 

230.5 

94.3 

170 

0.088 

- 

- 

“ 

230 

0.063 

12.2 

242.7 

99.3 

PAN 

1.7 

244.4 

100.0 

RS  Unit  A 

5 

4.00 

0.6 

0.6 

0.2 

98'  Belov/  surface 

10 

2.00 

0.8 

1.4 

0.5 

(sample  v/t. 

18 

1.00 

1.5 

2.9 

1.1 

253.5  g.) 

35 

0.500 

7.9 

10.8 

4.  2 

45 

0.354 

- 

- 

60 

0.250 

66,  2 

77.0 

30.  4 

80 

0. 177 

59.8 

136.8 

54.0 

100 

0.  149 

- 

- 

- 

120 

0.125 

65.0 

201.8 

79.6 

170 

0.088 

- 

- 

230 

0.063 

46.0 

247.8 

97.7 

PAN 

6.  1 

253.9 

100.0 
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Retained  on  Sieve 

Sample 

Curnu  lati  ve 

Cumulative 

Sample 

Mesh 

Size 

weight 

wei  ght 

weight 

No. 

(mm) 

(grams) 

(grams) 

(per  cent) 

RS  Unit  C* 

5 

4.00 

40'  Below  surface 

10 

2.00 

.. 

(sample  wt. 

18 

1,00 

35.5 

36.6 

6.  1 

601.7  g.) 

35 

0.500 

73.  1 

109.7 

18.2 

45 

0. 354 

151.7 

261.4 

43.  4 

60 

0.250 

189,0 

450.4 

74.8 

80 

0. 177 

93.8 

544.2 

90.  4 

100 

0.  1  49 

27.0 

571.2 

94.  9 

120 

0.  125 

13.3 

584.5 

97.  1 

170 

0.088 

6.7 

591.2 

98.2 

230 

0.063 

7.0 

598,2 

99.4 

PAN 

3.4 

601.6 

100.0 

RS  Unit  O'* 

12.70 

182.7 

182.7 

12.3 

58'  Below  surface 

6.35 

189.6 

372.3 

25.  1 

(sample  v/t. 

5 

4.00 

161.7 

534.  0 

36.  1 

10 

2.00 

470.  4 

1004.4 

67.6 

T.H.  67-1  Unit  C 

18 

1.00 

3.  16 

3.16 

4.29 

43 '-49'  Below  surface  35 

0.  500 

4.  78 

7.94 

10.78 

(sample  wt. 

60 

0.250 

20.50 

28.44 

38.60 

73.71  g.) 

120 

0. 125 

32.51 

60.95 

82.73 

170 

0.088 

6.70 

67.65 

91.83 

230 

0.063 

3.98 

71.63 

97.23 

PAN 

2.04 

73.67 

100.00 

T.H.  67-1  Unit  C 

18 

1.00 

2.60 

2.60 

2.05 

49'-60'  Below  surface  35 

0.500 

4.00 

6.60 

5.21 

(sample  wtc 

60 

0.250 

22.83 

29.43 

23.24 

126.85  g.) 

80 

0. 177 

35.81 

65.24 

51.52 

100 

0.  149 

18.32 

83.56 

65.  98 

120 

0.125 

14.  92 

98.48 

77.76 

170 

0.088 

18.  11 

116.59 

92.06 

230 

0.063 

7.68 

124.27 

98.  13 

PAN 

2.37 

126.64 

100.00 

Bulk  Sample 

V/eight  (grams) 

Wei  gilt  (per 

cent) 

*  +2  mm  coal 

10.7 

0.9 

+  2  mm  gravel 

116.3 

7.8 

-2  mm  sand 

1228.9 

91.3 

**-2  mm 

477.4 

32.4 
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Sample 

Retai  necl 
'Mesh 

No. 

on  Sieve 
Si  ze 
(mm) 

Sample 
weight 
(gra  ms) 

Cumulative 

weight 

(grams) 

Cumulative 
v/eight 
(per  cent) 

T.H.  67-2  Unit  C 

18 

1.00 

4.  78 

4.78 

4.  84 

90'-102'  Belov/ 

35 

0. 500 

4.  78 

9.56 

9.68 

surface 

60 

0. 250 

35.07 

44.63 

45.  17 

(sample  wt. 

120 

0.125 

44.  03 

83.66 

84.68 

98.97  g.) 

170 

0.088 

7.23 

95.89 

97.05 

230 

0.063 

1.79 

97.68 

98.84 

PAN 

1.02 

98.80 

100.00 

T.  H.  67-2  Unit  C 

18 

1.00 

1.52 

1.52 

1.41 

ri0’-113'  Below 

35 

0.500 

2.83 

4.35 

4.  03 

surface 

60 

0.250 

39.  69 

^4.04 

40.83 

(sample  wt. 

120 

0.125 

52.06 

96.10 

89.09 

108.01  g.) 

170 

0.088 

8.69 

104.79 

97.  14 

230 

PAN 

0.  063 

2.  10 
0.98 

106.89 

107.87 

99.  09 
100.00 

T.H.  67-3  Unite 

18 

1.00 

4,  42 

4.42 

4.  36 

74* -79'  Below 

35 

0. 500 

7.  30 

11.72 

11.57 

surface 

60 

0.250 

37.61 

49.33 

48.71 

(sample  v/tc 

120 

0.125 

41.21 

90.54 

89.  40 

101.60  g.) 

170 

0.088 

5.89 

96.43 

95.21 

230 

0.063 

2.79 

99.22 

97.  97 

PAN 

2.06 

101.28 

100.00 

T.H.  67-4  Unit  C 

18 

1.00 

6.  19 

6.19 

6.  11 

73'"75'  Below  surface  35 

0.500 

10.00 

16.  19 

15.98 

(sample  v/t. 

60 

0.250 

28.70 

44.89 

44.31 

■  101.73  g.) 

120 

0.  125 

42.83 

87.72 

86.59 

170 

0.088 

7.50 

95.22 

96.95 

230 

0.063 

3.00 

93.22 

96.95 

PAN 

3.09 

101.31 

100.00 

T.H.  67-5  UnitF 

18 

1.00 

0.05 

0.05 

0.04 

5' -10'  Below  surface 

35 

0.500 

0.60 

0.65 

0.50 

(sample  wt. 

60 

0. 250 

29.70 

30.35 

23.54 

129.  11  g.) 

80 

0.  177 

55.  93 

86.28 

66.91 

100 

0. 149 

17.51 

103.79 

80.49 

120 

0.125 

7.63 

1 1 1 . 42 

86.41 

230 

PAN 

0.063 

16.41 

1.11 

127.83 

128.94 

99.  14 

100.  00 
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Sample 

Retoi  ned 
Mesh 

No. 

on  Sieve 
Size 
(mm) 

Sample 
wei  ght 
(grams) 

Cumulative 

v/elght 

(grams) 

Cumulative 
weight 
(per  cent) 

T.  H.  67~5  Uni  IF 

35 

0.500 

0.09 

0.09 

0.  14 

25 '-30'  Below  surface  60 

0.250 

7.  38 

7.47 

1 1 . 82 

(sample  vvf. 

80 

0.  177 

18.50 

25.97 

41.08 

63.28  g.) 

100 

0.149 

1 1 . 00 

36.97 

58.48 

120 

0.125 

10,55 

47.52 

75.  17 

170 

0,088 

12.40 

59.92 

94.  78 

230 

0.063 

3.20 

63.  12 

99.  84 

PAN 

.  0.  10 

63.22 

100.00 

T.H.  67-5  Unite 

18 

1.00 

5,50 

5.50 

6.94 

81-84'  Below  surface 

35 

0.500 

4.  67 

10.17 

12.84 

(sample  v/t. 

60 

0.250 

22.25 

32.42 

40.  92 

79.38  g.) 

120 

0.  125 

34.  80 

67.22 

84.84 

170 

0.088 

6,05 

73.27 

92.48 

230 

0,063 

3.  15 

76.42 

96.45 

PAN 

2.81 

79.23 

100.00 

T.fU  67-5  Unit  C 

18 

1,00 

3.53 

3.53 

4.  03 

90 '-96'  Below  surface  35 

0.500 

5.81 

9.  34 

10.66 

(sample  v/tc 

60 

0.250 

22.52 

31.86 

36.  37 

87.78  g.) 

120 

0.1.25 

41.65 

73.51 

83.91 

170 

0.088 

10.00 

83.51 

95.32 

230 

0.  063 

2.68 

86. 19 

98.  38 

PAN 

1.42 

87.61 

100.00 

T.H.  67-5  Unit  C 

10 

2,00 

1.27 

1.27 

1.58 

96'-102'  Below 

18 

1.00 

2.35 

3.62 

4.  50 

surface 

35 

0.500 

6.  13 

9.75 

12.  11 

(sample  wt. 

60 

0.250 

18.72 

28.47 

35.  35 

80, 60  g.) 

120 

0.125 

27.  40 

55,87 

69.38 

170 

0.088 

12.93 

68.70 

85.43 

230 

0.063 

7.92 

76.72 

95.27 

PAN 

3.81 

80.53 

100.00 

T.H.  67-6  Unit  A 

18 

1.00 

0.57 

0.57 

0.86 

11 2'- 117'  Below 

35 

0.500 

0.72 

1.29 

1.96 

surface 

60 

0,250 

24.55 

25.84 

39.20 

(sample  v/t. 

120 

0.  125 

34.  56 

60.40 

91.64 

66,01  g.) 

230 

0.063 

4.90 

65.30 

99.07 

PAN 

0.61 

65.91 

100.00 
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Sample 

Retai  ned 

on  Sieve 

Sample 

Cumulative 

Cumulative 

Mesh 

Size 

weight 

weight 

weight 

No. 

(p'lm) 

(grams) 

(grams) 

(per  cent) 

T.  H.  67-6  Unit  A 

18 

1,00 

0.41 

0.41 

0.74 

140'-142'  Below 

35 

0.500 

1.12 

1.53 

2.76 

surface 

60 

0.250 

26.25 

27.78 

50.  05 

(sample  wt. 

120 

0. 125 

25.  02 

52.80 

95.  12 

55.60  g.) 

170 

0.088 

2.20 

55.00 

99.  08 

230 

0.063 

0.42 

55.42 

99.  84 

PAN 

0.09 

55.51 

100.00 

T.  M.  67-6*  Unit  A 

10 

2.00 

1.27 

1.27 

1.73 

160’-168'  Below 

18 

1.00 

0.30 

1.57 

2.  13 

surface 

35 

0.500 

0.85 

2.42 

3.29 

(sample  wt. 

60 

0.250 

38.51 

40.93 

55.62 

74.62  g.) 

120 

0. 125 

31.33 

72.26 

98.  19 

170 

0.088 

0.  99 

73.25 

99.54 

230 

0.063 

0.22 

73.47 

99.84 

PAN 

0.  12 

73.59 

100.00 

T.  hi.  67-6  Unit  A 

5 

4.00 

3.  97 

3.97 

3.  63 

170'-l70'  Below 

10 

2.00 

K  P.O 

O  e  w'U 

9.55 

8.73 

surface 

18 

1.00 

4.71 

14.26 

13.03 

(sample  v/t. 

0.500 

9.21 

23.47 

21.45 

109.52  g.) 

60 

0.250 

57.  47 

80.94 

73.  97 

120 

0. 1 25 

26.  38 

107.32 

98.  07 

170 

0,088 

1.60 

108.92 

99.  53 

230 

0.063 

0.41 

109.33 

99.91 

PAN 

0.  10 

109.43 

100.00 

T.  M.  67-6**  Unit  C 

18 

1.00 

13.40 

13.40 

11 . 26 

57'~63'  Below  surface  35 

0.500 

20.08 

33.48 

28.  12 

(sample  wt. 

60 

0.250 

46. 70 

80. 18 

67.  35 

119.42  g.) 

120 

0.  125 

31.22 

111.40 

93.  57 

170 

0.088 

4. 60 

116.00 

97.44 

230 

0.063 

1.57 

117.57 

98.  76 

PAN 

•  ‘"l  .  .  1 

1.48 

119.05 

100.00 

*Percenfage  loss  by  v/elg'nf:  1.38 
sample  >2  mm  ,  24,83% 
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Sample 

Retai nec 
Mesh 

No. 

1  on  Sieve 
Size 
(mm) 

Sample 

weight 

(grams) 

Cumulative 

weight 

(grams) 

Cumulative 
v/eight 
(per  cent) 

*1 .  H.  67-6  Unit  C 

18 

1.00 

1.80 

1 . 80 

1.62 

82 ‘-86'  Below  surface  35 

0.500 

2.67 

4. 47 

4.  03 

(sample  wt„ 

60 

0.250 

20.80 

25.27 

22.77 

in. 20  g.) 

80 

0.  177 

40.00 

65.27 

58.81 

100 

0.  149 

15.30 

80.57 

72.  60 

120 

0.125 

6.  17 

86.74 

78.  16 

170 

0.088 

17.65 

104.39 

94.  06 

230 

0. 063 

5.  00 

109.39 

98.57 

PAN 

1.59 

110.98 

100.00 

T.  H.  67-6  Unit  C 

18 

1.00 

0.45 

0.45 

0.78 

90' "94'  Belov/  surface  35 

0.500 

0.  95 

1.40 

2.42 

(sample  wt. 

60 

0.250 

5.72 

7.12 

12.32 

57.83  g.) 

80 

0.177 

13.98 

21.10 

36.52 

120 

0. 125 

20.  35 

41 . 45 

71.75 

170 

0.088 

n .  20 

52.65 

91.14 

230 

0.063 

4.  09 

56.74 

98.22 

PAN 

1.03 

57.77 

100.00 

T.  H.  67''/  Unit  C 

18 

1.00 

24.  08 

24.08 

16.58 

107'"110'  Below 

35 

0.500 

3 1 . 80 

55.88 

38.241 

su  rface 

60 

0.250 

46.  37 

102.25 

70.22 

(sample  v/to 

120 

0. 125 

31.09 

133.34 

91.83 

145.40  g.) 

170 

0.08S 

7.  55 

NX).  89 

97.  03 

230 

0.063 

2,80 

143.69 

98.  96 

PAN 

1.51 

145.20 

100.00 

T.  H.  67~7  Unite 

18 

1.00 

6.39 

6.39 

4.  43 

Below 

35 

0.500 

11.21 

17.60 

12.21 

surface 

60 

0.250 

42.62 

60.22 

41.78 

(sample  wt. 

120 

0. 125 

64.  99 

125.21 

86.  88 

144.29  g.) 

170 

0.088 

13.61 

138.82 

96.32 

230 

0.063 

4.41 

143.23 

99.  38 

PAN 

0.89 

144.12 

100.00 

T.H.  67-7  Unit  E 

60 

0.250 

1.90 

1.90 

2.22 

40'~46'  Below  surface  80 

0.177 

7.65 

9.55 

11.17 

(sample  wt. 

120 

0. 125 

17.70 

27.25 

31.86 

86.29  g.) 

170 

0. 088 

26.64 

53.89 

63.01 

200 

0.074 

12.72 

66.60 

77.87 

230 

0.063 

8.57 

75.  17 

87.89 

PAN 

10.36 

85.53 

100.00 
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Retai  nec! 

on  Sieve 

Sample 

Cumulative 

Cumulative 

Sample 

Mesh 

Size 

weight 

weight 

weight 

No. 

(mm) 

(grams) 

(grams) 

(per  cent) 

T.  H.  67-8  Unit  C 

18 

1.00 

3.43 

3.43 

2.75 

99 '-104'  Below 

35 

0.500 

4.  88 

8.31 

6.65 

surface 

60 

0.250 

31.88 

40. 19 

32.  17 

(sample  wt. 

80 

0.177 

53.32 

93.51 

74.  85 

125.  10  g.) 

100 

0. 149 

15.60 

109.11 

87.34 

120 

0.125 

5.  01 

114. 12 

91.35 

170 

0.088 

9.69 

123.81 

99.  10 

230 

0.063 

0.93 

124.74 

99.  85 

PAN 

0.  19 

124,93 

100.00 

T.H.  67-8  Unite 

18 

1.000 

2.30 

2.30 

2.81 

115'-118'  Below 

35 

0.500 

4.50 

6.80 

8.32 

suiface 

60 

0.250 

15.30 

22.  10 

27.04 

(sample  wt. 

80 

0J77 

25.03 

47. 13 

57.  66 

82. 29  gj 

120 

0.125 

18.72 

65.85 

80.56 

170 

0.088 

10.49 

76.34 

93.39 

230 

0.063 

3.51 

79.85 

97.69 

PAN 

1.89 

81.74 

100.00 

T.  H.  67-8  Unit  C 

10 

2.00 

1. 90 

1.90 

1.42 

132'-135'  Below 

18 

1,000 

6.05 

7.95 

5.93 

surface 

35 

0.500 

1  4.  28 

22.23 

16.58 

(sample  wt^ 

60 

0.250 

41 . 33 

63.56 

47.  41 

1 34.  65  g. ) 

80 

0.  177 

29.  72 

93.28 

69.58 

120 

0.  125 

25.20 

118.48 

88.  37 

170 

0.088 

8.79 

127.27 

94.  93 

230 

0.063 

3.80 

131.07 

97.  76 

PAN 

3.00 

134.07 

100.00 

T.  H.  65-1  Unit  C 

10 

2.0 

18.04 

6.  6 

90 '-95'  Below  surfac 

e  18 

1.0 

18.38 

- 

13.3 

(sample  wt. 

35 

0.50 

21.36 

- 

27.  1 

272.  4  g. 

45 

0.35 

35.60 

— 

40.  1 

60 

0.25 

64,  06 

- 

63.  5 

80 

0.177 

29.  16 

- 

82.  1 

120 

0.125 

7.85 

- 

90.6 

170 

0.088 

13.77 

- 

95.6 

PAN 

12.  18 

- - - - 

100.  1 
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Sample 

Retai ned 
Mesh 

No. 

on  Sieve 
Size 
(mm) 

Sample 

weight 

(grams) 

Cumulative 

weight 

(grams) 

C  urn  ulo  live 
weight 
(per  cent) 

T.H.  65-1  Unit  A 

18 

1.0 

0.33 

0.  6 

103'-112'  Below 

35 

0.50 

0.65 

1.2 

surface 

45 

0.35 

5.75 

4.  6 

(sample  wt. 

60 

0.25 

21.58 

17.4 

167.7  9.) 

80 

0. 177 

25.88 

42.0 

120 

0.  125 

13.76 

— 

63.0 

170 

0.088 

31.01 

81.5 

PAN 

31.14 

- 

100.0 

T.H.  65-2  Unit  A 

10 

2.0 

1.84 

0.6 

120'-128'  Below 

18 

1.0 

1.91 

Ml 

1.2 

surface 

35 

0.50 

9.96 

5.3 

(sample  wt. 

45 

0.35 

43.  43 

— 

18.5 

330.3  g.) 

60 

0.25 

85.00 

- 

44.2 

80 

0. 177 

55.73 

— 

71.9 

120 

0.125 

16.32 

- 

86.8 

170 

0.088 

28.  17 

- 

95.3 

PAN 

15,52 

100.0 

T.H.  65-3  Unit  A 

10 

2.0 

3.44 

1.4 

125'~130'  Below 

18 

1.0 

3.01 

— 

2.6 

surface 

35 

0.50 

6.64 

6.2 

(sample  wt. 

45 

0.35 

27.  62 

- 

17.6 

242.  Og.) 

60 

0.25 

74.67 

- 

48.  5 

80 

0.177 

41.  16 

- 

78.8 

120 

0.  125 

10.62 

- 

91.3 

170 

0.088 

15.55 

97.7 

PAN 

5.34 

99.9 

1 .  H.  65-3  Uni t  A 

10 

2.0 

0.35 

0.  1 

140'-145'  Below 

18 

1.0 

0.20 

- 

0.2 

surface 

35 

0.50 

0.  94 

- 

0.7 

(sample  vyt. 

45 

0.35 

7.  74 

- 

2.9 

351.8  g.) 

60 

0.25 

61.72 

- 

20.5 

80 

0.177 

68.  77 

52.8 

120 

0. 125 

25.  10 

- 

71.6 

170 

0.088 

50.50 

- 

86.0 

PAN 

50.42 

- 

100.0 
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Retained 

on  Sieve 

Sample 

Cumulative 

Cumulative 

Sample 

Mesh 

Size 

wei  ght 

weight 

weight 

No. 

(mm) 

(grams) 

(grams) 

(per  cent) 

T.H.  65-3  Unit  A 

10 

2.0 

0.77 

0.3 

115'-160'  Below 

18 

1.0 

0.48 

— 

0.5 

surface 

35 

0.50 

1.55 

- 

1.2 

(sample  v/tc. 

45 

0. 35 

13.41 

“ 

6.4 

257.2  g.) 

60 

0.25 

59.  91 

-- 

29.7 

80 

0. 177 

63.36 

68.7 

120 

0.125 

14.  93 

85.6 

170 

0.088 

27.  45 

- 

96.3 

PAN 

9,  18 

- 

99.9 

T.H.  65-3  Unit  A 

10 

2.0 

31.38 

9.2 

180’-184'  Below 

18 

1.0 

15.39 

- 

13.7 

surface 

35 

0.50 

23.20 

- 

22.  1 

(sample  wt. 

45 

0.35 

51.89 

- 

37.3 

342.  Og.) 

60 

0.25 

105.21 

- 

68.0 

80 

0. 177 

37.  15 

- 

86.4 

120 

0.125 

9.04 

“ 

93.6 

170 

0.088 

14.  08 

- 

97.7 

PAN 

8.  18 

100.  1 

T.H.  65-3  Unit  A 

10 

2.0 

76.00 

18.7 

184’-187.5'  Below 

18 

1.0 

21.79 

- 

24.  1 

surface 

35 

0.50 

55.71 

“ 

40.3 

(sample  wt. 

45 

0.35 

58.75 

- 

54.8 

405.  2  g.) 

60 

0.25 

107.  48 

- 

81.4 

80 

0. 177 

24.  05 

- 

93.6 

120 

0.125 

5.  16 

- 

98.0 

170 

0.088 

5.90 

- 

99.4 

PAN 

2.45 

- 

100.0 

T.H.  65-3  Unite 

10 

2.0 

0.  14 

- 

0.1 

91-93'  Belowsurface 

18 

1.0 

0.47 

- 

0.  3 

(sample  v/t. 

35 

0.50 

9.  80 

- 

6.  1 

209.  9  g.) 

45 

0.35 

29.50 

— 

20.2 

60 

0.25 

60.64 

- 

49.  1 

80 

0.177 

26.74 

- 

72.3 

120 

0. 125 

11.15 

- 

86.4 

170 

0.088 

18.76 

- 

95.3 

‘f 


■  > 
V  Nt 


*■  \ 

At 


7V  ' 

,•  *'  .'f'"! 

1  ^ 

fl--. 

Av'i'l-r  ('; 

■  !b’ 

'i 

1 

.  •  '  > 

i 

3>l'qmi;>2 

)  ‘,V 

1  . 

-  -«.<.  ^  9A 

f 

'.  ’  t 

;■•  * 

f 

'  V'.Q 

n,? 

Aii'tW'E'fA  .H,T 

V  .  -' 

- 

-./  .0 

o.f 

■//pud 

J 

m 

• 

i£. 

fiooVi^a 

-  |3 

it 

0.S  .c 

eiK 

jw  *^(t}rotjs) 

\. 

* 

iV 

‘:^o 

CiA 

U 

*  «•* 

et  .-^ 

%i.(  .u 

Uw  ., 

•'I 

♦ 

'  1 

•  •*  * .  •  • 

mk 

;:r 

C’a  *J  ,0 

■"'  Tvr 

*»> 

tj 

• 

t'lA'? 

_  ■• 

^  --  ' 

. 

^  -»r  r.  ^  . 

Z 

'  -rv*'  • 

- 

t’.ie 

Q.C 

Of 

A  siMJ  £-c6  »H 

;  :(:t 

L.Kfl 


^... 


*'  tn 
\  / •? 


'CAl 

^/U 

K  />!  i 

)*o,? 

•X'  >i 


-  o.t 

>f\C) 
•'.‘^  *0' 
\\  i  ,6 

.c 

8?0.0 


Sf 

06t. 

cr 

<Kr 


:-q 


,fw  spfqr  tu) 


1  .-Of 

*  '  '" 

i  ro'i 

'  .  .n 

*1  ..j 

4»« 

f  J  yv 

-6  A' 

*?■-, 

or 

*'  •'  .4 

Aitnii  e-^eA  ,H,.r 

1  5^^' 

.  i. 

4 

XX. 

•jt 

v/oto3  'e.Tsr-'v^/ 

e.os 

- 

tu 

'.ooiiuti 

n  ^ 

&  - 

r- ; 

tf.a 

•.e> 

,fyy  alqfmeO, 

■  *  .11 

*  »•  « 

<?»•  Xtf\  . 

f  t ,'} 

03 

■  "A  (.8  5.20^1 

.•  3 

•> 

'ST  ..<: 

"\f  .d 

OJ 

'  "  1 

0.4^ 

•  * 

-i 

■  -!  .0 

osr 

i 

A.iiV 

*> 

JAi 

f 

'X  ~-,s 

•  ■^  ^  *1 

"S.t*  .^r 

r,a 

•£.0 

*  ^  •»>* 


j  .0 
Kj^.o 


.  r 

♦  "  J 


,  .'  *o 
^  *-  \  C 

'-  *  »*-»>i 

,'r  11 


o\)m 


Qa 

a9 


lift'O 
^:o 
£".0 
;'<■  1'  ,0 

y^o  .0 


♦..T 

»r 

•:£ 


5*. 


DllfiU  .H.l 
^‘jutiutwoI»3  'E^-f9 
.iw  i 

(.8  9.^0<:Sj 


o:i 

'-•:f 

lAi 


I 


*1 


168 


Sample 

Retai ned 

on  Sieve 

Sample 

Cumulative 

Cumulative 

'Mesh 

Size 

weight 

wei  ght 

weight 

No. 

(mmi) 

(grams) 

(grams) 

(per  cent) 

T.H.  Ml  Unit  A 

18 

1.00 

0.48 

0.78 

0.62 

114'-134'  Below 

35 

0.500 

3.08 

3.56 

4.59 

surface 

60 

0.250 

28.60 

32.  16 

41,49 

(sample  wt* 

120 

0.  125 

39.  20 

71 . 36 

92.07 

77.58  g.) 

170 

0.088 

4.95 

76.31 

98.45 

230 

0.063 

1.08 

77.39 

99.  85 

PAN 

0.  12 

77.51 

100.00 

T.  H,  Ml  Unit  A 

18 

1.00 

0.02 

0.02 

0.03 

154'-164'  Below 

35 

0.500 

1.32 

1.34 

1.69 

surface 

60 

0.250 

33.97 

35.31 

44.47 

(sample  wt. 

80 

0. 177 

25.98 

61.29 

77.  18 

79.80  g.) 

120 

0.125 

11.81 

73.10 

92.05 

170 

0.088 

4.  49 

77.59 

97.71 

230 

0.063 

1.  15 

78.74 

99.  16 

PAN 

0.67 

79.41 

100.00 

T.  H.  Ml  Unit  C 

18 

1.00 

3.35 

3.35 

3.9 

97'-l  14’  Below 

35 

0.500 

6.23 

9.58 

11.1 

surface 

60 

0.250 

40.  57 

50. 15 

57.  9 

(sample  wt. 

120 

0. 125 

31.30 

81.45 

94.2 

87.25  g.) 

170 

0.088 

4.  38 

85.83 

99.0 

230 

0.063 

0.72 

86.55 

99.9 

PAN 

0.  12 

86.67 

100.0 

T.H.  EPl  Unit  C 

18 

1.0 

9,29 

9.29 

3.90 

76'-79'  Below  sur 

face  35 

0.50 

1 9.  11 

39.37 

16.53 

(sample  wt. 

45 

0.35 

41.91 

81.28 

34.  12 

230.72) 

60 

0,25 

55.58 

136.86 

57.  45 

80 

0.177 

26.96 

192.82 

80.  94 

120 

0.125 

10.70 

220.21 

92.47 

170 

0.088 

10.61 

230.82 

96.  89 

PAN 

7.70 

238.22 

100.00 
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APPENDIX  C.  LITHOLOGIC  DESCPvIPTiON  OF  TEST  HOLES 

TEST  HOLE  65-N  DESCRIPTIVE  LOG 

Location:  122  feet  south,  46  feet  east,  SW  Corner,  Sec,  36,  Tp,  51,  R.  26,  V\L  4 
Surface  Elevation:  2,285  feet 


Thick  ness 
(feet) 

Curnu  latl  ve 
cleplh 
(feet) 

DescrIptI  on 

5 

5 

Clay,  yellowish  grey,  bedded 

5 

10 

Clay,  silty,  yellowish  grey  and  medium  light  grey, 
mottled 

5 

15 

Clay,  yellowish  grey 

5 

20 

Clay,  silty,  light  olive  grey  and  medium  grey 

15 

35 

Clay,  light  olive  grey 

10 

45 

Clay,  light  olive  grey  and  olive  grey,  well  bedded 

5 

50 

Clay,  light  olive  grey 

5 

55 

Till,  sandy,  light  olive  grey  vvith  pebbles  and  coal  frag¬ 
ments 

5 

60 

Gravel,  fine  with  light  olive  grey  sandy  clay  and  abun¬ 
dant  coal  fragments 

9 

69 

Sand,  quariz,  yellowish  grey,  subangular  1o  round  with 
pebbles  and  granular  coal 

6 

75 

Clay,  sandy,  light  olive  grey,  pebbles  and  coal  fragments 

5 

80 

Clay,  sandy,  olive  grey  with  fine  gravel  and  abundant 
coal  fragments 

10 

90 

Sand,  quartz,  yellowish  grey  with  sandy  clay,  pebbles 
and  coal  fragments 

5 

95 

Sand,  quartz,  yellovdsh  grey,  subangular  to  round 

8 

103 

Till,  sandy,  light  olive  grey,  pebbles  and  coal  fragments 

9 

112 

Sand,  quartz,  light  olive  grey  with  yellov/lsh  and  green¬ 
ish  colored  grains,  black  chert  and  granular  coal,  sub¬ 
angular  to  round 

3 

115 

Shale,  silty,  light  grey,  mica,  calcareous 

5 

120 

Shale,  silty,  olive  grey,  calcareous 

2.5 

122.5 

Shale,  light  olive  grey,  concretions 
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TEST  HOLE  65-2  DESCRiPTlW  LOG 

Location:  2,972  feet  souih,  36  feet  east,  NW  Corner,  Sec.  36,  Tp.  51,  R.  26, 
W.  4th  Mer. 

Surface  Elevation:  2,277  feet 


Cumulative 
Thickness  depth 

(feet)  (feet) 


Description 


10 

10 

5 

15 

10 

25 

5 

30 

5 

35 

10 

45 

5 

50 

5 

55 

5 

60 

5 

65 

25 

90 

10 

100 

5 

105 

7 

112 

16 

128 

4 

132 

3 

135 

5 

140 

Clay,  yellowish  grey,  carbonaceous  material 
Clay,  yellowish  grey  and  light  olive  grey,  mottled  clay 
ironstone  concretions 
Clay,  liglit  olive  grey 

Clay,  liglit  olive  grey,  well  bedded,  coal  fragments  and 
clay  ironslone  concretions 

Clay,  light  olive  grey,  coal  fragments  and  pebbles 
Clay,  light  olive  grey,  coal  fragments 
Clay,  yellowish  grey  and  light  olive  grey,  mottled 
Clay,  light  olive  grey,  carbonaceous  material 
Clay,  light  olive  grey 

Till,  sandy,  medium  grey,  quartz  and  granite  pebbles, 
coal  fragments 

Gravel  and  sand,  fine  with  medium  grey  sandy  clay, 
abundant  coal  fragments 

Till,  very  sandy,  medium  grey,  pebbles  and  coal  fragments 

Till,  very  sandy,  medium  light  giey,  fine  gravel  and 

sand,  abundant  coal  fragments 

Till,  sandy,  pebbles  and  coal  fragments 

Sand,  quartz,  light  olive  grey  v/ith  yellov/ish  and 

greenish  colored  grains,  black  chert  and  granular  coal, 

subangular  to  round 

Sandstone,  silty,  fine,  light  grey 

Shale,  silty,  light  olive  grey 

Sandstone,  silty,  fine,  light  grey 
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TEST  HOLE  65~3  DESCRIPTIVE  LOG 


Location;  575  feet  south,  80  feet  east,  NW  Corner,  Sec.  36,  Tp.  51,  R.  26, 
V/.  4th  Mer. 

Surface  Elevation;  2,272  feet 


Thickness 

(feet) 


Cumulative 

depth  Description 

(feet) 


5 

5 

5 

10 

5 

15 

5 

20 

5 

25 

15 

40 

10 

50 

5 

55 

5 

60 

20 

80 

5 

85 

5 

90 

3 

93 

2 

95 

4 

99 

6 

105 

8 

113 

67 

180 

7.5 

187.5 

2.5 

190 

5 

195 

Clay,  yellovv'ish  grey 

Clay,  yellov/Ish  grey  and  olive  grey,  mottled,  minor 
coal  fragments,  concretions 

Clay,  yellowish  grey  and  medium  grey,  mottled 
Clay,  silty,  medium  grey  and  yellowish  grey 
Clay,  medium  grey,  well  bedded 

Clay,  ligfit  olive  grey,  coal  fragments,  clay  ironstone 

concretions 

Clay,  light  olive  grey 

Clay,  light  olive  grey,  concretions 

Till,  light  olive  giey,  coal  fragments,  pebbles 

Till,  sandy,  light  olive  grey,  obundant  coal  fragments, 

pebbles 

Sand,  quartz,  pale  yellowish  brown  v/ith  black  grains 
Sand,  quartz,  pale  yellowish  brown,  sandy  light  olive 
clay 

Sand  quartz,  pale  yellowish  brown 
Till,  silty,  light  olive  grey 

Till,  light  olive  grey,  clay  Ironstone  concretions,  quartz 
grains 

Till,  olive  grey 

Till,  sandy,  olive  grey  with  granite  pebbles 
Sand,  quartz,  yellowish  and  greenisli  colored  grains, 
black  chert,  granular  coal,  fev/  carbonate  grains,  large 
limionite  grains,  subangular  to  round 

Sand,  large  quartz  grains,  large  pieces  of  clay  ironstone 
concretions 

Shale,  sandy,  greenish  grey,  clay  ironstone  concretions 
Shale,  light  grey,  clay  ironstone  concretions 
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TEST  ElOLE  65-4  DRILLER'S  LOG 

Location;  0106  feet  north,  60  feet  east,  NW  Corner,  Sec.  36,  Tp.  51,  R,  26, 
V7.  4th  Mer. 

Surface  Elevation;  2,275  feet 


Thickness 

(feet) 

Cumulative 

depth 

(feet) 

DescrIptI  on 

17 

17 

Clay,  brown 

43 

60 

Clay,  grey,  no  pebbles,  no  coal  fragments 

44 

104 

Clay,  grey,  pebbles  and  coal  fragments 

104 

Sand,  few  Inches 

8 

112 

Clay,  grey,  pebbles  and  coal  fragments 

6 

118 

Sand,  fine,  grey 

4 

122 

Clay,  fine 

63 

185 

Sand,  fine,  grey 

5 

190 

Sand,  fine,  grey,  with  clay  Ironstone  concretions 

10 

200 

Shale,  light  grey 
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TEST  HOLE  67-1  DESCRIPTIVE  LOG  (FIELD) 
Location;  Lsd.  12,  Sec.  11,  Tp.  51,  R.  26,  W.  4i-h  Mer. 
Surface  Elevotion:  2,287  feet 


Thick  ness 
(feet) 

Cumu  loti  ve 
depih 
(feet) 

Descri  pti  on 

5 

5 

Sarid,  silly,  dar!<  yellov/ish  brov/n  (lOYR  d/2) 

7 

12 

Sand,  light  olive  grey  (5Y  5/2)  and  medium  light  grey 
(N6),  mottled,  iron  stained 

7 

19 

Sand,  silty,  light  olive  grey  (5Y  5/1),  slightly  motiled, 
poorly  bedded,  v/citer  bearing 

4 

23 

Clay,  olive  grey  (5Y  4/1),  massive  and  finely  bedded 
layers 

9 

32 

Clay,  silty,  olive  grey  (5Y  4/1) 

4 

36 

Clay,  olive  grey  (5Y  4/1),  well  bedded 

7 

43 

Till,  olive  grey  (5Y  3/1),  pebbles  and  coal  fragments 

16 

59 

Sand,  with  granites 

4 

63 

Till,  olive  grey  (5Y  3/2),  pebbles,  coal  fragments, 
concrelioiis 

2.5 

65.5 

Shale,  silty,  medium  light  grey  (N6) 

2 

67.5 

Shale,  dark  greenish  grey  (5 GY  4/1) 

1,5 

69 

Shale,  olive  black  (5Y  2/1) 

1 

1 

70 

Coal 

3 

73 

Shale,  light  olive  grey  (5Y  5/2) 

2 

75 

Shale,  sandy,  medium  grey  (N5) 

6 

81 

Sandstone,  fine  grained,  silty,  medium  grey  (N5) 
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TEST  HOLE  67-2  DESCRIPTIVE  LOG  (FIELD) 
Location;  Lsd.  12,  Sec.  11,  Tp.  51,  R.  26,  VV.  4th  Mer. 
Surface  Elevation:  2,299  feet 


Thickness 

(feet) 

Cumulative 

depth 

(feet) 

Description 

12 

12 

Sand  fine  to  medium,  silty,  light  olive  grey  (5Y  5/2), 
wet  at  5  feet 

1.5 

13.5 

Clay,  medium  light  grey  (N6)  v/ith  thin  layers  of  white 
calcareous  material 

6,5 

20 

Sand,  very  fine,  silty,  light  olive  grey  (5Y  5/2), 
motiled  and  bedded 

17 

37 

Sand,  fine,  silty,  with  thin  clay  layers 

4 

41 

Silt,  olive  grey  (5Y  4/ i)  with  sand  layers 

14 

55 

Clay,  silty,  olive  grey  (5Y  4/1) 

5 

60 

Clay,  olive  grey  (5Y  3/t) 

4 

64 

Clay,  olive  grey  (5Y  3/1) 

4 

68 

Silt 

5 

73 

Clay,  silty  massive 

4 

77 

Till  (5Y  3/1),  with  coal  fragments  and  small  pebbles 

12 

89 

Sand,  with  silty  sand  layers,  granite  pebbles 

17 

106 

Sand 

4 

no 

Sand,  more  silt  in  sand 

5 

115 

Sand 

5 

120 

Till,  v/ith  bedrock  chips  and  clay  ironstone  concretions 

4 

124 

Shale,  sandy,  bentonitic 

4 

128 

Shale,  dark  greenish  grey  (5GY  4/l)  and  black  carbona¬ 
ceous  (Nl) 

4 

132 

Shale,  greyish  olive  green  (5GY  3/2)  and  dark  greenish 
grey  (5GY  4/l),  thin  coal  layer 

2 

134 

Shale,  bentonitic,  dark  greenish  grey  (5GY/4/1) 
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TtST  MOLE  67-3  DESCRIPTIVE  LOG  (FIELD) 
Location:  Lsd.  9,  Sec.  18,  Tp.  51,  R.  25,  W.  4th  Mer. 

Surface  Elevation:  2,271  feet 


Cumulati  ve 


Thickness 

(feet) 

depth 

(feet) 

Description 

11 

11 

Sand,  silty,  light  olive  grey  (5Y  5/4),  heavy  calcifi¬ 
cation 

1 

12 

Clay,  silty,  v/et,  light  olive  grey  (5Y  5/4),  heavy 
calcification  along  decayed  roots 

10 

22 

Sand,  silty,  bedded 

2 

24 

Silt 

4 

28 

Clay,  olive  grey  (5 GY  4/1),  well  bedded 

4 

32 

Sill,  minor  bedding 

4 

36 

Clay,  wel  1  bedded 

9 

45 

Clay,  silty,  (5 GY  4/l),  massive 

4 

49 

Silt,  minor  bedding 

2 

51 

Clay,  5 GY  4/1,  well  bedded 

9 

60 

Till,  olive  grey  (5Y  4/ i) 

2 

62 

Till,  olive  grey  (5Y  3/1)  to  olive  black,  coal  fragments 

2 

64 

Till,  sandy  v/ith  bedrock  chips  and  coal  fragments,  olive 
grey  (5Y  3/1)  to  olive  black 

8 

72 

Till,  olive  grey  (5Y  3/1)  to  black,  fewer  pebbles  and 
less  coal 

7 

79 

Sand  with  pebbles 

3 

82 

Till,  sandy,  high  in  bedrock  material 

4 

86 

Sand,  some  bedrock  materia! 

2 

88 

Shale,  greenish  grey  (5 GY  5/1) 

1 

89 

Sandstone,  greenish  grey  (5G  5/l) 

4 

93 

Shale,  greenish  grey  (5G  5.5/l) 

7 

100 

Shale,  light  olive  grey  (5Y  5/1) 
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TEST  HOLE  67-4  DESCRIPTIVE  LOG  (FIELD) 
Locailon:  Lsd.  13,  Sec.  12,  Tp.  51,  R.  26,  Vv'.  4ih  Mer. 
Surface  Elevai'ion:  2,280  feet 


Thickness 

(feet) 

Cumu  !ati  ve 
depth 
(feet) 

Descri  ption 

5 

5 

Sand,  silty,  light  olive  grey  (5Y  5/2)  rr.oltled,  poorly 
bedded 

1 

6 

Sand,  greyish  olive  and  yellowish,  mottled,  moist 

2 

8 

Sand,  silty,  olive  grey  (5Y  4/l),  moderately  bedded 

6.5 

14,5 

Sand,  silly,  olive  grey  (5Y  4/1),  poorly  bedded  8-12, 
v^ell  bedded  12-14.5 

0.5 

15 

Clay,  well  bedded 

7 

22 

Silt 

6 

28 

Sand,  silty 

6 

34 

Silt,  massive 

17 

51 

Clay 

2 

53 

Cloy,  silty,  olive  grey  (5Y  3.5/1),  massive  alternating 
wiih  bedded  material 

5 

58 

Clay,  silty 

6 

60 

Cloy 

7 

67 

Clay,  silty,  olive  grey  (5Y  4/1),  massive  and  bedded 

2 

69 

Till,  sandy 

4 

73 

Till,  olive  grey  (5Y  3/1) 

6 

79 

Sand,  silty  with  coal  fragments 

20 

99 

Till,  dark  grey  (N3)  with  high  bedrock  content 

3 

102 

Shale,  olive  grey  (5Y  4/1)  carbonaceous 
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TEST  HOLE  67-5  DESCRIPTIVE  LOG  (FIELD) 
Locationj  Lsd.  15,  Sec.  9,  Tp.  51,  R.  26,  W.  4th  Mer. 

Surface  Elevation:  2,309  feet 


Thickness 

(feet) 

Curnulotive 

depth 

(feet) 

Descri  pti  on 

30 

30 

Sand,  fine  to  medium,  yeliowisli  brown 

4 

34 

Sand,  silty 

16 

50 

Clay,  silty 

8 

58 

Clay,  olive  grey  (5Y  3.5/1),  well  bedded 

10 

68 

Clay,  silty,  olive  grey  (5Y  3.5/1) 

16 

84 

Sand,  silty 

3 

87 

Sand,  coal  fragments  abundant,  bedrock  chips 

1 

88 

Clay,  sandy,  olive  grey  (5Y  3.5/1),  coal  fragments 

7 

95 

Sand,  medium  to  coarse,  thin  clay  layer  90' 

4 

99 

Sand,  fine  gravel  lense,  with  silt  layers 

12 

111 

Sand,  silty  with  clay  layers,  coal  fragments  and  bed- 

rock  fragments 

9 

120 

Till,  with  coal  fragments,  shale  pebbles,  and  concretions 

5 

125 

Shale 
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TEST  MOLE  67-6  DESCRIPTIVE  LOG  (FIELD) 
Location:  Lsd.  8,  Sec.  13,  Tp.  51,  R,  27,  Vv'.  4tli  Mer. 

Surface  Elevation:  2,300  feet 


Thickness 

(feet) 

Cumulative 

depth 

(feet) 

Descri  pti  on 

5 

5 

Sand,  s  i  1 1  y ,  d  u  s  k  y  y  e  1 1  o vv  (5 Y  5/4) ,  rn  i  n  o  r  b  e  d  d  i  i v  g 

n 

16 

Sand,  silty,  light  olive  grey  (5Y  5/2.5),  massive, 
lower  portion  wet 

1 

17 

Clay,  light  olive  grey  (5Y  5/6),  mottled  with  streaks  of 
medium  grey  (N5)  clay 

1 

18 

Sand 

6 

24 

Clay,  light  olive  grey  (5Y  6/l),  massive 

4 

28 

Clay,  light  olive  grey  (5Y  3.5/1),  well  bedded  v/ilh  very 
fine  sand  to  silt  layers 

8 

36 

Sand 

6 

42 

Clay,  silty,  olive  grey  (5Y  4/l) 

9 

51 

Clay,  silty,  olive  grey  (5Y  4/ 1) 

6 

57 

Till?,  sandy,  olive  grey  (5Y  6/1),  bedded  material  vrith 
coal  fragments  and  granite  pebbles 

2 

59 

Sand,  coarse 

20 

79 

Sand,  some  fine  gravel,  silt  aivd  clay  layers 

3 

82 

Silt 

4 

86 

Sand,  fine  to  medium 

4 

90 

Silt,  olive  grey  (5Y  6/1) 

4 

94 

Sand,  fine  to  medium 

4 

98 

Clay,  olive  grey  (5Y  3.5/1)  with  sand  layers 

10 

108 

Till,  high  in  bedrock  fragments 

34 

ld2 

Sand,  fine  to  medium 

38 

180 

Sand,  fine  to  medium,  concretions,  bedrock  pebbles, 
"petrified  wood"  pebbles 

2 

182 

Shale 
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TEST  HOLE  67-7  DESCRIPTIVE  LOG  (FIELD) 
Location:  Lsd.  4,  Sec.  24,  Tp.  51,  R.  26,  VO  4th  Mer. 

Surface  Elevation:  2,313  feet 


Cumulative 


Thickness 

(feet) 

depth 

(feet) 

Descrl  ptl  on 

5 

5 

Sand,  silty,  dark  yellov/ish  brown  (lOYR  4/2) 

10 

15 

Sand,  silty,  light  olive  grey  (5Y  4/2),  massive,  calcified 

15 

30 

Sand,  silty,  dusky  yellow  (5Y  5/4) 

22 

52 

Sand,  light  olive  grey  (5Y  4/2),  with  clay  layers 

18 

70 

Clay,  very  sandy 

8 

78 

Clay,  silty 

4 

82 

Clay,  olive  grey  (5Y  3.5/1),  interbedded  massive  beds 
to  thin  well  bedded  clays 

12 

94 

Clay,  olive  grey  (5Y  4/1) 

4 

98 

Clay,  olive  gre'/  (5Y  3,5/1),  massive  beds  alternating 
wHh  finely  bedded  material 

5 

103 

Till,  olive  grey  (5Y  3/1)  v/ith  pebbles  and  coal  fragments 

4 

107 

Gravel,  fine  and  coarse  sand  v/Ith  clay  layers 

4 

111 

Gravel,  fine  and  coarse  sand,  abundant  granites 

2 

113 

Clay,  pebbles,  bedded 

3 

116 

Sand,  coarse  and  fine  gravel  with  clay  layers 

4 

120 

Sand,  medium  to  coarse,  thin  gravel  ot  120'  containing 
abundant  bedrock  material  and  concretions 

3 

123 

Shale 

11 

134 

Sandstone,  silty,  light  grey  (N7) 

2 

136 

Shale,  dusky  yellowish  brown  (lOYR  2/2),  carbonaceous 
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TEST  HOLE  67-8  DESCRIPTIVE  LOG  (FIELD) 
LocaHon:  Lsd.  8,  Sec.  26,  Tp.  51,  R.  26,  V*/.  4ih  Mer. 

Surface  E  levation:  2,302  feet 


1  hickness 
(feet) 

Cumulative 

depth 

(feet) 

Description 

25 

25 

Sand,  dusicy  yellow  (5Y  5/2) 

8 

33 

Clay,  sandy,  liglit  olive  grey  (5Y  4/1) 

22 

55 

Clay,  silty  (5Y  2/l) 

20 

75 

Clay,  olive  grey  (5Y  4/1) 

2 

77 

Clay,  olive  grey  (5Y  4/l),  massive  silt  layers  alternating 
v/ith  bedded  clay 

18 

95 

Till,  olive  grey  (5Y  3.5/T),  sandy  at  88' 

4 

99 

Sand  and  clay  layers 

2 

101 

Sand,  coarse  with  large  pebbles 

2 

103 

Sand,  medium  to  coarse 

13 

116 

Sand  v/iih  silt  and  clay  layers 

2 

118 

Sand 

4 

122 

Saiid  wiih  clay  loyers 

1 

123 

Sand 

12 

135 

Sand  and  clay  layers 

6 

141 

Till 

7 

128 

Sand  v/ith  clay  layers 

1 

149 

Shale 
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TEST  HOLE  EPl  DESCRIPTIVE  LOG* 


Loco  lion: 

Lsd.  14,  Sec, 

15,  Tp.  51,  R.  26,  W.  4tlT  Mer. 

Surface  Elevation:  2,31 

3  feet 

Cumulative 

Thickness 

depth 

Descriptii 

(feet) 

(feet) 

30 

30 

Sand 

10 

40 

Sand,  silty 

13 

63 

Clay,  silty 

11 

74 

Till 

11 

85 

Sand,  silty 

7 

92 

Till 

77 

169 

Sand,  bedrock  pebbles  157-169 

8 

177 

Shale,  olive  black 

2 

179 

Coa  1 

11 

190 

Shale,  light  olive  grey 

‘•E~log  ini 

lerpretation  shov^n  in  figured. 
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TEST  HOLE  EP2  DESCRIPTIVE  LOG 
Location:  Lsd.  14,  Sec.  15,  Tp.  51,  R.  26,  W.  4th  Mer. 


Surface  Elevaiion:  Approximate! y  2,305  feet 


Thickness 

(feet) 

Cumulative 

deptli 

(feet) 

Descripiion 

15 

15 

Sand,  yellowish  grey 

15 

30 

No  samples 

15 

45 

Sand,  light  olive  grey 

15 

60 

No  samples 

12 

72 

Till,  light  olive  grey,  coal  fragments  and  pebbles 

2 

74 

No  samples 

1 

75 

Sand 

40 

115 

No  samiples 

5 

120 

Sand 

10 

130 

No  samples 

4 

134 

Sand,  sandstone  pebbles  and  concretions 

16 

150 

Sand 

15 

165 

Sand 

4 

169 

Sand 

6 

175 

Sand,  abundant  concreilon  pebbles  and  bedrock  cuttings 

175 

Top  of  bedrock 
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TEST  HOLE  EP4  DRiLLER'S  LOG/^ 
Location:  Lsd„  3,  Sec.  21,  Tp.  51,  R.  26,  W.  4th  Mer. 
Surface  Elevation;  2,301  feet 


Cumulative 


Thickness 

(feet) 

depth 

(feet) 

Description 

32 

32 

Oxidized  sandy  clay 

10 

42 

Soft  oxidized  silt 

43.5 

85.5 

Harder,  grey  silty  clay 

16.5 

102 

Grey  till,  small  boulders  and  pebbles 

31 

133 

Grey  ti  1 1 

6 

139 

Grey  sand 

8 

147 

Sand  with  clay  layers 

67 

214 

Sand,  few  thin  clay  layers 

1 

215 

Coarse  sand,  fine  grovel  and  coal 

17 

232 

9 

243 

Shale 

■'•Electric  log  of  test  hole  and  writer's  interpretation  shown  in  figure 


TEST  HOLE  Ml  DRILLER'S  LOG 
Location:  Lsd.  7,  Sec.  17,  ip.  51,  R.  26,  V7,  4ih  Mer. 
Surface  Elevation:  2,323  feet 


Th  ickness 
(feet) 


Cumulative 

depth 

(feet) 


Descripti  on 


31 

31 

Sand,  medium  to  coarse 

23 

54 

Clay,  sandy 

43 

97 

Till,  sandy  with  pebbles 

17 

114 

Sand,  fine  to  medium 

2 

116 

Clay  layer 

48 

164 

Sand 

6 

170 

Sand  with  bedrock  fragments  and  concretions 

4 

174 

Shale 
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TEST  HOLE 'M2  DRILLER'S  LOG^-' 
Location:  Lsd.  8,  See.  27,  Tp.  51,  R.  26,  W.  4th  Mer. 
Surface  E levotion:  2,311  feet 


Thickness 

(feet) 

Cumulative 

deplh 

(feet) 

Descrip]  ion 

10 

10 

Clay,  soi idy,  brown 

10 

20 

Sand,  brown  and  clay 

10 

30 

Sand,  brown  and  blue  clay 

7 

37 

Sand,  light  grey 

3 

40 

Clay,  grey  and  coal 

20 

60 

Clay,  grey,  sticky 

10 

70 

Clay,  grey,  hard  v/ith  small  stones 

12 

82 

Clay,  grey,  v/ith  stones 

1 

83 

Gravel  and  coal  ledge 

6 

89 

Clay,  sandy  grey 

1 

90 

Grave  1 

10 

100 

Clay,  sandy,  grey,  with  gravel  seams 

12 

112 

Sand,  v/hite,  with  clay  seams 

18 

130 

Clay,  sandy,  grey,  v/ith  grave!  seams 

15 

145 

CA'Ovel  seams,  grey  sandy  clay 

30 

175 

Sand  and  grave! 

1 

176 

Rock  ledge 

23 

199 

Sand 

1 

200 

Bedrock,  soft 

^Writer's  interpretation  of  driller's  I09  of  Test  Hole  M2  comoined  with  E-Ioq  of 
Test  Hole  EP3  shown  in  figure  6. 


REMARKS:  Well  was  pumped  for  24  hours  at  16  igpm  with  the  water  level  dravAng 
down  to  116  feet  from  a  nonpumping  v/ater  level  of  68  feet  below 
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DES  LAURIERS  WELL  (DRILLER’S  LOG) 
Location:  Lsd.  8,  Sec,  24,  Tp.  51,  R,  26,  V/,  4t'n  Mer. 
Surface  Elevation:  2,295  feet  (map) 


Thickness 

(feel) 

Cumu  lati  ve 
depth 
(feet) 

Descripti  on 

76 

76 

Clay 

8 

84 

Boulders 

11 

95 

Sand 

3 

98 

Clay 

76 

174 

Sand 

76 

250 

Shale 

8 

258 

Sandstone 

46 

304 

Shale 

13 

317 

Sandstone 

103 

420 

Sha  le 

1 

421 

Coa  1 

45 

446 

Shale 

I 


4  • 


it/H 


.;^^Mv^,^.  •  .  .{/  ^  ,r  ,5*^ 

sfy?iioQ4J 

*'i  ’  *  '  ^ 

> 

i  ;  -  *51^  »  ‘  ^.*1^-0 

ilif/Jtf 

«4ert;IStHT 

(l»o!) 

.6K 

1  -i  ■  .^  t  ’  •  '1 

^8 

*8 

29 

.rr 

*^»*f0 

$9. 

€ 

--  !■  .<'’ 

K^f 

69 

•»C9 

69 

8^t 

3 

»  ^  !2 

i(>C 

6^ 

Cw.- 

ef 

1  '  *a'»rl2 

'  'IN 

eof 

^•O 

f 

•*  '  '■  .*  *  i,,.  r^fr.  ■'■: 

.  a?»r'T» 

* 

*’^‘  s'J 
"  <2 


■  >1 
:^|J 


*-1 


■  V.. 


..  'i' 'Siil 


»  V 


w: 


186 


SAM  SCHAFER  WELL  DRILLER'S  LOG 


Location;  Lsd,  7,  Sec,  25,  Tp.  51,  R.  26,  W.  4th  Mer. 
Surface  Elevation:  2,268  feet  (map) 


Thickness 

(feet) 

Cumulative 

depth 

(feet) 

Description 

2 

2 

Loam,  black 

16 

18 

Clay,  broV'/n  and  yellow 

2 

20 

Clay,  grey 

30 

50 

Clay,  silty  blue 

11 

61 

Clay,  sandy,  grey 

5 

66 

Sand,  grey  and  white 

9 

75 

Clay,  giey  with  layers  of  rock  and  gravel 

2 

77 

Granite  rock 

8 

85 

Shale  grey 

17 

102 

Shale,  grey,  mixed  by  gravel 

12 

114 

Sand 

2 

116 

Clay,  sondy,  grey,  top  of  bedrock 

4 

120 

Shale,  grey  and  blue 

REMARKS:  Nonpumping  water  level  ,  18  feet  below  surface. 

Well  screened  from  62  to  66  feet  below  surface. 
Well  pumped  at  8.5  igprn  for  100  hours. 
Drawdow'n  ,  10  feet  in  first  two  hours. 
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RCA  TEST  HOLE  1965  E18  LOG 


Locailon:  NE  Corner,  Sec.  36,  Tp.  51,  R.  26,  W.  4th  Mer. 
Surface  Eleva  tion:  2,255  feet  (map) 


Cumulaii  ve 
Thickness  depth 

(feet)  (feet) 


51 

51 

Clay,  soft  grey 

22 

73 

nil,  sandy,  blue 

7 

80 

Sand,  coarse,  grey 

10 

90 

Till 

10 

100 

Sand,  grey 

20 

120 

Sandstone 

Description 


RCA  TEST  HOLE  1965  E9  LOG 
Location:  NE  Corner,  Sec.  25,  Tp.  51,  R.  26,  W.  ^th  AAer. 
Surface  Elevation;  2,265  feet  (map) 


Cumu  lati  ve 


Thickness 

(feet) 

depih 

(feet) 

De  script!  on 

28 

28 

Clay,  brown 

45 

73 

Clay,  soft,  grey 

52 

125 

Ti  11,  blue 

25 

150 

Sand 

150 

Shale,  black  and  brov/n,  hard 
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APPENDIX  D.  STATISTICAL  PARAMETERS  OF  GRAIN  SI  ZD  IN 


THE  SURFICIAL  DEPOSITS 


DEFINITION  OF  STATISTICAL  PARAMETERS  AND  SCALES  OF  VALUES 


(FOLK,  1959) 


Measures  of  Average  Size  (PFii  Units) 
1.  Median  (Md)  =  50%  si; 


2.  Graphic  mean  (M^)  =  -■ 


{0-\6  +  05O 


3 


Measures  of  Uniformih/  (Phi  Units) 

1,  Phi  Quartile  Deviation  (QDju)  = 


2,  Graphic  Standard  Deviation  (  (T^)  - --■ — 

3.  Inclusive  Graphic  Standard  Deviation  (Gi) 

(yjQ4~0]6)^  (095-05) 

4  6.6 


Classificaiion  of  sorting 


Less  than  .  35p 
.  350  to  .  50,0' 

.  500  to  .  7ip 
.71p  to  l.OOp 
l.OOp  to  2.00p 
2.00p'  to  4.00p 
Greater  than  4.0 Op 

Measures  of  Skewness  or  Asyrnrneti y  (Dimension lessy 


Very  well  sorted 
Well  sorted 
Moderately  sorted 
Moderately  poorly  sorted 
Poorly  sorted 
Very  poorly  sorted 
Extremely  poorly  sorted 


/Cl  ^  -  2p50) 

1 .  G  ra ph  i  c  S kew  ne  ss  ( Sk  q)  -  Jpp-J'pi'g) 


2o  Inclusive  Graphic  Skewness  (Sky) 

16  +  P34-  2p, 

2ip84  -  01^ 


0]6  +  034  -  2050  05  +  p95  -  2p50 
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Measures 


Class! ficailon  of  sl'cewness 


1 . 00  to  -V- .  30 
+  .30  to  +,  10 
+.  1 0  to  -  .10 
“.10  to  -  .30 
-.30  to  -  1.00 


Strongly  fine-skewed 
Fine-skevv'sd 
Near-symmetrical 
Coarse-skewed 
Strongly  coarse-skewed 


f  Kurtosis  or  Pcakedness  (Dimensionless) 


1. 


Graphic  Kurtosis  (Kq) 


Li rnlts  of  kurtosis 


Less  than  0.67 

0.67  to  0.  90 
0.90  to  1.  11 
1 . 1 1  to  1 . 50 
1.50  to  3.00 
Over  3.00 


Very  platykurtic 
Platykurtl  c 
Mesokurti  c 
L.eptokurtic 
Very  leptokurtic 
Extremely  leptokurtic 


Platykurtic  means  belter  sorting  in  tails  of  normal  probability 
curve  and  curves  are  thus  f lalpeolced . 


Leptokurtic  means  better  sorting  in  tlie  central  pari  of  the 
normal  probaldlity  curve  and  curves  are  excessively  peaked. 


• 

'  -4 

*■  :i-,  .v*  '•  -  ,)n:-fi'  * 

•V;l2 

-  H 

tj  al'l 

tilp#  - 

*  . 


'  ..  0^.  #  oi  OO.f 

Df . ’  Oi  •)€.+* 
ty,  .  r  of  Of  .  »■ 

*‘  »  «*  0 f 

f  •-  of  OC,- 

? 

IQ  lo  t^yru^PoM 

'"J'O  >>'rOT\^4  ^I^tCjOlD  'J  i  , 
(535^  ••  '..Vi^N.S  •>  ’  ^ 


|lUv^4U1^  ftVnfJ 

mmumtmf  -  — ■•> 


t  Uv-  i'(io^  V  ^y 


’"i'f 


4  ♦ 


*.  -I 

?1I  H.  'm  sSA' 
jI  '  ■!/ 'hi'^xj 

*,?f.  J^l  ^)tkV 


tf 


.  T‘^,^  ncwll  «dJ 
.'  .'J  of  ^^,0  .  ' 

1f-.(  .>♦  (7^.0 

n*  c  -7?  K  J  * 

<: } ,K 

dOX  mvO 


^dkhd^i^  ifiitvNt'A  ^ij  flJol  ffi  »f»ft-»ci  tnr>sf 

,  '  .!.*j  'v  .  5)‘.>rj,<<u4l  4  '  fv^'  -  ^vnrs 


■0 

f^h  )o  r»oi|  Of  ||..■,•»/f|  >;it«j.^oHiJ 

V'  »¥ ¥^i7  rv. V73  ^rxo’ityvii  ‘^f|llc{r.4.*>n 


APPENDIX  D.  STATISTICAL  PARAMETERS  OF  GRAIN  SIZE  IN  THE  SURFICIAL  DEPOSITS 


190 


t— 

cu 

UJ 

u 

X 

UJ 

s. 

LT'i 


z 

Z 


c  O 

d'  >  X 
Q  ' 

>*>'  u~t 


-O 

D 

C 

O 


O 


-  > 
0 

O-  “’O 

u 

s— 

o 


c 

o 


0 


c 

o 


D  Z  ^ 

^  n  Q 

o|g 

—  <D 
X  -0 

Cl. 


C 

O 

0 

E 

O 

z  ^ 

o_^ 

D 


o 


C 

D  ^ 

z  ^ 

0  -2: 


0 

—  0 

p-  o 

E  D 

D 


O 


_o 

D-  cu 

_n 

a 


o 

Z 

a)  "O 
X 

■4'— 

I/) 

0 


3  -t- 

1/5  0 

0 


•J‘  *  *  ■}:  -li  4; 

LO  Ns  O'  CO  ' —  CO  'O  Ns. 

oa  o  ID  UT}  Ns  oa  X  CO 

o'  o’  o'  o'  o*  o’  o’  o’ 


•;<  *  •}:  4:  4; 

O  Ns  NJ  C'.J  l\  CO 

•-T)  CM  o  CN  On  -M- 

«•«•«*•  • 

uo  'M'  'q'  'M'  X  'M'  'M'  'M' 


•y.  4; 

O  LT)  Ns  00  O  Cj  OD 

O'  CM  CO  CO  r—  CM  K  O 

C)  CO  o'j  CM  co’  c'")*  cm’  CO 


LO  >—  r-'s  CO  C'l  ^ 
O  ['N  Ns  r-N  N  sO 


MD 


00 

CO 

I 


CO 

MD 


OD  Ns  LO  X  LTj  LO  LTj  LO 


LO  o  CO  X  O  CM  CO  O 

r'N  LO  LO  X  X 

'O  N.  X  Cj  CO  N  X  'M 


OD 


o  I 


o  O  I  ,  -  .  ^ 

LO  X  LT)  O' 

r--  Ns 


X 

r~~ 

I 

CO 

C'D 


4:  4:  4:  4; 

CD  O  Ns  O  CM  fN.  tsN 

0  CO  CD  'Ll'  CO  CM  CM 

o’  o’  o’  o’  o’  o’  o* 


4:  -y.  4;  4:  4; 

X  X  LO  CO  o  X  CO 
X  LO  X  CM  CM  ■— 

•  ••••«• 

CD  X  C'D  'M'  X  X  X 


O  CO  N.  X  O  O'  O 

CM  00  X  O  X  N.  O' 

CM  CM  C\!  CO  CM  CM  CM 


CO  ■M' 

I -  0s 


X  LO  X  I'N  LO 

X  X  OD  X  O 


LO  X  X  Lf  J  X  X  X 


CM 

X 


O  O'  X  O  O 
CO  CD  O  O'  CD 


■■M'  X  CD 


X  X'  X 


O  CO  X 

'O  rNi  -5  r"5 

I  I  CM  O  O 

C^D  nO  X  CO  ^  ^ 

CO  N.  X  ■“ 


O' 


c 

D 

CO 

CO 

CQ 

CO 

DO 

CD 

C£l 

O 

O 

a 

O 

Q 

o 

O 

CO 

CM 

CD 

-M- 

X 

X 

1 

CO 

1 

Q 

n— “ 

1 

N' 

1 

C'D 

1 

•M- 

1 

rsN 

1 

OD 

1 

‘cb 

X 

\ 

I 

hN 

1 

X 

i 

IX 

( 

Ix 

1 

Ns 

1 

Ns 

X 

Ns 

lx 

r-'s 

Ns 

rss 

Ns 

o 

~o 

0 

CD 

cx 

o 

X 

X 

X 

X 

X 

X 

DC 

X 

X 

X 

X 

X 

X 

•y  y  y 
O'  CD  CO  o 
X  CM  X  X 

o’  o’  o’  o’ 


4;  •!;  4': 

CM  X  O  O 
CO  X  ■—  N. 


CM 


CD  CM 


CO  O  ■—  CD 
X  CO  OD  Ns 

r-*  o’  r-'  r--’ 


X  CD  s'"!  X 
lO  CM  CO  O-l 

«  •  •  c 

Nn  X  X  rss 


X  O  Ns  f'N 
CM  CC)  X  CD 

a  •  •  e 

X  LO  LO  X 


CM 


CM 

CD  I 
X 


Tv. 

I 

CM 


LU  X 


X  LU  I  I 
X  X  Ns 

Oi  ClC  X  X 


Extrapolated 


A  A 


1  •  t 


1-  >  i  •>  9'  >  *  *  4 

ct  ■->  O-  O  ^>’  ■ .?  O 


'•  V*  ^.  ' 


•  •  * 
0^  -*  irt. 


^  5-tv  <v 

.  .f^  ix  i'iJ  -•  > 

»  «  «  «  t  • 

V*^  V  -..■i  r  '  t 


tJ  T  jk  ‘  Vi 

tn  'i9  ■>  r*  ^  9\  '%j'  ^  ■•  ■  V  ►> 


i  t  i^3  **'» 


'■  > 


'  •-*  t‘7  ■'' 

.-  ■I*  i-  ^ 


#•»■»  >  4 

;vr**  ^  t  V  v3 

v;  ?»'  •-•#  ■>"  *>  ,-\  •>•■ 


ic  r  •  ■'u  r  V  -4i  Iv 


.  \  o  trw 

i  ■'.  ru  >*?  v) 
»  •  •  > 
%V  4  k'  1-)  (>• 


‘  ^  ^  '-i 

• .  V  ■*  *  •  *7 

OJ  V''  k  V  ■-  ' 


‘rri 


,.  „  :;if'  „ 

^  i*  V>.  .n 


•  J>  Ul 


a  a  a  a  a  n 


<  V>  Vi* 


1  I 

•  ‘  ;  •  -V  *• 

^  *♦■  't3  --J 


T  f  'r  ?  V  ,:  a 

t:  -'•  •'' 

*’>'  •*  ,^  o 


wl 


■* 

■» 


•*..  I', 


c» 


.'M 


?  <» 
i  4  t  1 


•  *- 


».'•  c- 


o  o 


4i_ 


o 


‘»  t 


►'*  <  tfc 

.-»  ^4  A 


^  ,r 


1^  V»  ^  -  t  5 

cr  <j  ^  ■« 

»>  k>>  C-  VJ  <«  OTt  W 


5^§  5' 

"444- 

-  %  ?i 


r 

'4 


^1- 


6 


tif 


.3  -** 

'i>  O.  2* 

•os'  S 

o|Q 

<^  5 

»  %o 


-  »  ^  •  «  4  • 

-  if  -4  6  i'*  xi  1  /-I  o. 


rvi  -fW  (-**■  k's*  -v-  rj  ,»4  «* 


>  <;>  O'  o  rn 

-j  .*, 


.fl.  t  J  1' 


<30 

tr  — 


-o 

k-i 


•V 

•S 


e> 


a 


§i 


^  S 

rT 

As 


1-3 

Ci 


rj  rj  cu  4| 


I  T 


1*1*  t'  r-i  i--> 

I  *  4 


co' 


es. 


-’i 


”*  x;  -  }  .1  i\^ 

•*  4-  V  a; 


r.  o 

g  IS 

k.  vr  •^ 


d  r 


*•# 


I 


fNi 


rvi 

O 

u» 

Q 


> 

U 


jj 

C 

<\* 


Ui 

X. 


O 

iM  r\t 


fw  ^ 


-a  • 
U4  X 

X  o- 

UJ 


«  UJ 


rt* 


12: 


■  > 
ra 


X 


O 

5: 

Mi 

-a 

> 


4 


UJ 


Test  Hole  No.  Depth  of  sample  PHI  Quartile  Graphic  standard  Graphic 

and  below  surface  Median  Graphic  mean  deviation  deviation  skewness 


191 


4; 


41  -5;  4-'  •!:  4:  .Ji  44  .>4 

pN  ^  sO  CO  CN  IT)  CO  ^  K  oj  CO  CO  K  CO  -to  do  6^  CM  cNi  r\ 

c>;  C'-J  C-O  CM  CO  O)  CM  O  IM  iM  uo  M  CO  ■—  O  •—  IM  VD 


' —  h',  o 
sO  CM  O 


00  O'  000000000000000000  CO  o 

1 


4^  •}<  ‘J;  ■2i  •i; 

00  -O  r—  uo  o  CO  CO  'O 

CD  CO  O'  o  CO  CO  fM  O 


CM  CM.  O  CO  CM  C'O  CM  CM 


4i  4;  4:  4:  -H 
O  MO  r—  IT)  O  CO  O 
VO  CO  CO  'O  O  O  V) 


CM  CM  CO  CO  CM  CM  CO 


44  44  4'-  4".  44 

M"  00  ■—  CO  00  "M"  mD  K 

'O  fM  r—  CM  ro  cn  CO  md 


00  04  00  CO  CM  CM  CM  CO 


tsc 


•js  >5:  •yi  ^  .j; 

N,  CO  LT)  On  10  hv  ^  MO  VO  CO  O  O  CO  r-COVOONt—sOMOCNr— 
MO  M'  CO  O'  VO  CO  IM  CM  O  O  N.  r~  —  o  MO  CN  -M'  CO  'M'  CM  CM  On  nO 


o  r—  r--  C4  r- 


CM  CO 


CM 


V-i  ^  "it  »J. 

r—  0  CM!  CM  CO  r-- 

'-o  CO  hv  t'',  CM  O 

O  «  «  «  •  c 

t\  00  CO  CO  CO  O'- 


44  44  44  44 

nO  Tm,  nC4  K  C3 

r^N.  CM!  CM!  CM  CM 

[N't  CO  CO  CO  CO* 


'  b  ki-  C  O  cb  Lo  N. 

O'-  ■ —  M'  O  VO  C'O 

»  c  •  «  c  « 

CX)  CO  O'  O'  o  o 


o  o  rk  o 

10  NO  M'  VO  O 

no’  VO  nO*  CO*  O'*  o 


V..  ^ 


CO  (Ml  CO  nO  O  CO 
O'  M-  C'O  CM  nO  CM 

nO  od  cd  CO  N.  CO 


t-O  CO  VO  'M  CM  On 

r—  I 'Sl'  r— 

e  «  «  «  •  o 

fN.  fN,  tM  M-  nO  N. 


CO  V)  CQ  CO  O 

C'O  M*  M'  r--  CM 

•  C  •  fr  «t 

K  CO  On  o  O 


nOnOCOKOmI- 

hN  O  ■“  CO  VO  On 

nO*  Mi-  vi  N  CO*  On’ 


C'O  CO  o 
CM  C'J  CM 
I  I  I 
O'  CM  VO 
r—  C'O  r— 


tM  CO 
CO  nO  CO 

I  I  I 

o  M-  'M 

CO  nO 


O  f—  cp 

CM  CO  -M- 

'  '  J, 

On  CO 
r-  CM  M- 


Ml- 

V)  ao  ’M"  -M"  o  tM  CM  o  VO  CO  ^  o-  V4  no 
CM  M  nO  V)  nO  CM  Mf  VO  uo  ■—  CO 

nO 


b 

u 

’00 

_c 

o 

o 

00 


UJ  LU  LU  LO  UJ  U-I 
r—  r—  CM  CM  CM  C'O  CO  CO 

1  I  I  1  I  I  II 

pN,  tM  hv  f'N  [-N,  tM  rM  f'' 

'OnO'O'OnOnO'O'O 


10  UJ  LO  LO  VJ  LU  LO  10  LU  VJ  10  LU 


O';  Mp  Nt 

I  I  I 


I 


V)  IT)  nO 

I  I  I 


no  r\  fM.  N.  00 

I  I  I  I  I 


CO 

I 


KrN-.iN'.rN,  hvrN^rN.rNvh'.rN.rMrMhNcoco 

nOnOnOnOnOnOnOnOnOnOnOnOnOnOnO 


~o 

0 

,  D 

o 

Du 

D 


('3.1 


-M.. 


If 


m 


■*  .» 


r  i  Vl  f^V  W  # 

6  ii-'  ''’*  *»  V*  " 


^  <* 


•  « 


>♦  ♦  *  ‘J 

,1  f'l  >•-  I  ,  ^ 


ij 


’\i  i  t  .,_f  o  ■*"' 


•’J  r?  CV  »i5  vj  .  >  f'l  .  . 

« j  .  .  '  •  '  1  w,  £*  t'  t'»» 

^  fc  fo  V?/  o  Cr  O  0.0  tj  ‘  ’  .  -  * 


+  . 

•-  rrt  •>f 

o  .^;  i-'j 


i;-  ;'-A 

f7  ^  J  <  >")  '.o  VO  *•'7  V»  •*.' 


-  1  « 
r  «<>  iM 

;  >1  ’itV^  'f''  ^  ■>  '■■> 


I, 

*4 


.t .?  «/ 


<v 


-#  >  1 


'-•  C*  %-  V4  > 


A4  K>  ^<^■|  ^ 

t  *  *  4  •  •  •  4  ' 


<-  •  ,-f*  '*  •  .' 

i  T  •  •  •  # 

^3  - 


•  '  ;  .  » 

•*.■..•  •/  •  •>  a''  0» 

4  t  <  -  * 

r  "  *  ••>» 


3  H' 

»  ♦ 


'^j  ^  »-|V^ 

_-  <  I  J  -  .  •  ♦■  -^1  1  I  ■-  .  ^  ■*  '■•  K 1  V 


'*.  It,'  r*o  *4:  '.•  i>.‘ 


M> 

««•% 

f> 

t  itr^ 


3  * 


W)  Co  .“t  .‘0  VO  i,*9tJth  ^  f  yj  ,c  .  ,.f  -•,- 


■I  -  4 


l;  '•  •*1  <«!> 

-M. 


r. 


'■..-*  'T  \  ■ 


.-  '  •* 


I  f  »  '  J 

«.  'K  »'4.  '\  V'»  -'- 

"•  4*1  ^ 


(IT 


*  .0 


^  ^ ' 


•  1V,  4> 


1^6 


J 

?.*a 


■  3*  '>  '■ 

iL  ^ 

^.'8  ‘ 

6 


3  ^ 

*75  O  ;:f 

3”  ® 

«  =: 

tr  X 


i 

-i 

ri/~’u 


o 

•4 

o 


y  f  <*  c*’  ^  -'j  ^  fV  vj  •'■  3  '  I  4.  •  .  '•  ■■  ’  -4  ,  ■)  ^  o 

/i  2:  b  r-.,  V‘  V-  ;■-  -  1  •  ,  ,  ^440  ri^ 

Ml.  4  4  4  ._4.J  I  7Z 


",  ‘HO  ’44  »ii4 

r 


'*  *  -4  ft 


f'  r  r 

■  *  ir»  41  -’1  >: 

'T-  >*  V  ■•>.  >  ••q»>  <4  V  V 


k  « 


<1 


r  1  .  ♦ 

t 

I  *  ■« 


.1  i‘  V**  ^44 

.1  I 

1  *  ♦  ♦ 


<« 

It 

,.-f  1 . 
‘*‘11 


-P 
Ci. 

•o 


o 

3: 


-  ( 


r  »  41 


i 

sr  - 
‘  3  ® 


? 


192 


ij 

a. 

D 

o 


lO 

to 


(D 

C 

7b 

CO) 

* 

tM 

LO 

LO 

c^> 

Mi' 

o 

o 

CO 

MO 

LCO 

K 

CO 

t — 

o 

MO 

IM 

MO 

(D 

• 

• 

« 

• 

c 

* 

* 

* 

_ _ ' 

o 

o 

c> 

o 

o 

o 

o 

o 

o 

t/5 


"O 

D 

“D 

C 

D 

-I— 

to 

U 


a.  -o 
o 


c 

o 

'll) 

<D 


o 


JJ 

C 

O  .2^ 
D  -f- 

G'  I  6 
x-g 

D_ 


*31 

K  O  (Ti  Cn  r-  o  CM 

—  N,  CM  U-)  LO  CM  CO 

cm’  CO  cm’  CO  O  O  co’  i-^  r-‘ 


CO  00  O  CM  hv  Cn  |\  'M' 
■—  CM  LO  vO  CO  CO  CO  LO  LT) 

OOOO*—  OO 


c 

D 

t) 


o  '^'n 


s— 

o 


(Ml  01  CO  lO  CO  CO  •—  O 

CM  O'  LO  CO  MD  r\  co  co 

Lf^  UO  'N'*  LO  CM*  CM*  Mt-'  Ml- 


c 

V 

li 

C.) 


r-  O  MO  >—  CM  CO  IM  CO 

CO  M'  MO  LO  CO  -O  M-  Mj-  LO 

M"*  lO*  CO  CM*  CM  CO  CO  C  O 


(D 

CD 

o. 

o 

E 

D 

D 

tj- 

L- 

to 

o 

t+- 

to 

o 

_c 

•1— 

o 

D„ 

Q) 

CD 

_D 

o 

<■ 

o 

Z 

CD 

"O 

’o 

C 

X 

D 

<l) 


CD 


C 

o 


D) 

_C) 

6 

C) 

DO 


o  o 

,  LO  LO  C'O  LO  LO 

I  I  I  1  I  I  I 

O  O  O  LO  LO  o  o 
CM 


tM 


\ 

"C5 

U- 

u_ 

U- 

U- 

U. 

U- 

LU. 

!  o 

LU 

p— • 

CM 

1 

Mi 

1 

LO 

1 

LT) 

1 

MO 

1 

fM 

1 

CO  ; 

1 

o 

1  ^ 

LO 

1 

rM 

1 

f'v 

t 

1 

fM 

hv 

r-. 

Fm 

tM 

p 

D 

•o 

MO 

MO 

MO 

MO 

MO 

O 

M> 

> 

1  X 

,UJ 

•  f  I 

'r 

''(.I  -  ^ 


P 

»  « 


I 


'<*r.' 


1 


r 


f 


4 


it 


t 


t 


( 


A  J  , 


'.r."“^ 


■  y*  '<■ 


> 


>  O'-*  ‘ 


w 

.5^5  5; 
vl-g 


b  ^•'  ■«  b"  -’  --  g-  g) 


e, 


I' 

<M 


V  * 


^  -«  r  -v  -  - 


»♦  |«1>  ‘-V 


.-  |i. 


t  ^  ■  rj  c  > 

.  *.»  *■  r*'  r> 


,  ■ )  .  < 

4  «  >  «  •  •  4  # 

Cr  #;»  —  O  O  O  O 
•» 


f »  ’  <' 

■  <,-*1*4*  ‘  -k  »  »• 

^  -  ^  -•  o  r  *  M  t  Vi 


‘t'^  10  •-“«  Ci  •*»  O 

t*  ■»  V  '  ■*'  V 

t*».  ••  '«V4 

'J  i”)  I  -•  i  Y- V 

» 


-  7'i;  • 


t  I  I  I  i  i  »  ^ 

.  o  ^^i  o  O  o 

♦o 


cv  <» 


J4  Ji  J)  Ui  M  M  JU  Ui 

<;»■<•*  o-  rv  rw  p*^  ko  -y 
J  I  f  *  I  »  I  t 

'/^  -•  <1  'i  'd  -i  (V 

<>  O*  <>0^  OO^OO'  O 


6'l'» 


M 


o 


(9 


;;  I  3* 


V  ^ 

3: 


.  » 


■■4'V% 


/  1: 


193 


h- 

LT) 

o 

LU 

Q 

< 

U 

U- 

ZD 

tn 


X 

H- 


o 

u. 


"D 

C 

U 


z 

N 

oo 


<  ^ 

tr, 


6 


o£ 

CO  jl” 

D:^ 

LU  LL' 

H-  O 

LU  X 
^  u., 
<3^ 

<  t: 

a.  2 
--'  ZD 

6^- 

P  Z 

to  cr-^ 


< 

f— 

to 

d 

X 

Q 

z 

LU 

D. 

D_ 

< 


< 

tzz 

z 

X) 


o  t;  X 

U-.  ^  ^ 

O 


0) 

>  u 

iO  f- 

Z  “d- 

o  g 

C  LD 


to 

t/') 

d) 

5  x" 

l/> 


o  t2 

Z  « 

Q.  I 
2  6 
O 


O 

X 

W) 


>  .2  .2 
'in  SI  O  -!-  'Di- 
^  •  D.  -O  .2 

o  2  o  > 

'-  ^  -g 


U  T5 

Z  5 


C 

O 


o 

D_  'O  U  O 
D  >  ^ 


O 


o 

"O 


.-C 

CL 

2 

O 


c 

D  N 
0) 

E  CX- 


.2  '-Z 

-T3 

cu 


K  CO  uo  O  K  O!  O  O  O  LO  N.  O-  LO  CO  O  O  1\  O^  O' 
OOi—  OO-CKOCOO-—  OMCNO-—  CMOOOCNCOO 


o 


--  o  o 


CN 


o  •“ 


vO  O  X  O  xi-  X  xj-  C'".'  On  O'  CN  O  X  0-1  On  K  OO  C-0  O  r~ 
■"  O  O  O  r—  r~  o  CO  ^  CO  NO  CnI  O  O  O  O  O  O  0  O  r— 

**••*»«••%«««««»€••• 

OOOOOOOOOOOC'OOOOOOOO 

!  I  II  III 


O  r—  to  r—  o  NO  rx  CN  O'  O  to  t\  NO  o  nO  nO  X}-  Xj-  t—  CO 

>—  r—  O  O  r--  ■--  O  O'i  r—  CO  to  O  ■—  O  O  O  ■—  O  O 

o  o'  o*  o*  o'  o*  o'  o*  o*  o*  o'  o'  o'  o*  o*  o'  o*  o*  o'  o' 

II  III  III 


Lr>  xj-  oo  to  CNj 


no  Lr>  o  CO  >—  CO  Fx  CN  CO  xj-  CO  to  CNi  o 


Fx  X-  h-N  CO  Fx  IX  nO  Fx  nO  O  O'  nO  to  IX  to  to  XT 


OOOOOOOOO 


O  O  O  O  O  O  o 


'O  'O 

o'  o’ 


o  lx  O'  xi-  On  o  to  O'  o  CnJ  xi-  I~  CN  Fx  CO  00  CO  O  U") 
CO  xl-  tx  CO  T'-  NO  'O  lx.  to  O  CO  nO  to  rx  LO  to  x;-  On  o  to 


OOOOOOOOO 


OOOOOOCDOO 


lx  03  OD  CN  xl-  o  xj-  On  r—  o  Fx  CO  to  to  >—  04  CN  O  O 

nO  Cn-1  C*")  n-O  > —  ' —  O  to  CO  LO  nO  nO  Co  On  1 —  O  CN  -x" 


CN  CN  CN  CN  CNJ  CN|  O'!  CN  CN  O 


CNJ 


CN  CN  f-  CN  CN 


CN  On  CN  O  CN  CO  r~  CO  xJ-  o  O  nO  o  p  CO  On  O  CO  O  Fx 

nO  CN  xj-  r-v,  O  O  O  xj  CN  Fx  Co  ' —  X'  On  ' —  CN  CN  to  I —  O 


CNCNCNCNCNCNCNCNCN 


CN  CN 


CN 


CN  CnJ 


CN 

o 

00 

o 

to 

o 

xl- 

Fx 

Fx 

CO 

CO 

-N- 

xl- 

0 

> 

0 

u 

r—  r—  CO 

CN-l 

r"  — 

CN 

r 

oo 

xl- 
1 — 

nO 

r*““ 

CO 

CO 

o 

o 

o 

r“- 

X|- 

nO 

Fx 

r"— 

co 

f — • 

nO 

r— “ 

o 

o 

D 

0 

Fx  CO  CN 

! 

1 

1 

1 

1 

1 

1 

1 

CO 

o 

o 

1 

i 

1 

1 

1 

'-tj- 

r“-“ 

I 

xF- 

tO 

E 

r-, 

0) 
•I-  — 

c 

0 

0 

M-- 

X, _ '' 

03- 

CN 

o 

CN 

to 

CN 

O 

X' 

L-) 

to 

o 

CO 

XT 

CO 

CN 

r-“ 

o 

NO 

o 

IX. 

OO 

to 

r-^ 

r— N* 

I-~ 

' 

1 

1 

1  “ 

r— 

CN 

CN 

CO 

CO 

a 

1 

CO 

4 

CO 

1 

Xi- 

1 

xl- 

1 

xt- 

I 

nO 

1 

nO 

1 

nO 

1 

nO 

1 

1 

1 

1 

tc) 

1 

in 

1 

LO 

1 

to 

to 

to 

to 

to 

|x. 

Fx 

Fx 

Fx 

•o 

O 

nO 

o 

nO 

-o 

nO 

NO 

■o 

nO 

nO 

nO 

nO 

nO 

"  Ex'rrapolofed 


"Ha 


%  , 


'S.4‘  ^  f.  ■”’  n 

r  .  t  ►  •  -  %,  -  •  *  f .  - 

.  •  .  —  .  k  '  1  ’••  ^  'J  — *  -  J 


,  '  • 


jy'" 

L 

^  -f  ' 

I ' 


••/  ^■>  -3  io  rj  '-o  -V  '  T 

^  i.'>  •'  >  %  •*)  k-3  *■  **'  '''•  O  "•  -•  •■  »  '-"^ 

»■  I  o  i.:-  vj  o  <-.-  o 

r  t 


>■  r  .'’r 


>':•  o  0'  O  ‘C": 


.  I  l_.! 

^  i 


.t^.  '  ■•  V'  <>•  fy  Cr*  ^  ®  *” 

r;  o  »  rT'  *-■’  •  --  ■-  o  -  V  •  - 

•  *  »  k  •  -»  *■ 

<4  .  •'_•  o  o  o  o  •>  o  C'  r  A 

U  .  .  I  4  > 


-  mJ 


O  <5  O 

t  t 


A??’',  v';-  ■'• 

sT.  t  .'  —  C3  O  O  O  ■->  w 


“t-  Vs)  <-4  V  ^  Ai  cu  ->■  «y 

'  .  ^4  «i  A  I  ^  y*! 


«•»  i^'" 


>* 


-1  A  I  >1 

<5  U  t'- 


3a  ' 
o 


4»»  ^ 


■»  /  5  au 

'  y  ^ 


if 

« 


6  Is 

a 

<c 

4  - 

It  o 


a 

.y  t  .n 


A  ^  ^ 

3  ^  5’ 


I' 


!i-  ,: 

4m«m 


-  1 

•  r*  <L*  «. 


*  V  •  .  ^ 


’^>  o 


y  V 

-t'  .«'! 


J  <4 

*(  > 


‘  _ 

1  . 


9'  ..  t 


•  r. .- 


..  ,1 

%  'i 


- 

'  u 


9. 

* 

*'1 


-A 

V 


•  k  # 


.  '  »■ 
«  •  ^ 

*  -  -■  - 

.-.  ;-i^ 


•  4 

_  y- 


V  - 


r"  I 

.-»  • 


> 

•i  > 

« 


i ;  < 

**♦  y  ■>  •'  . 


>1  ■».  r-k^-o  I  .  .)  o  iA 

»'*  <^4  {  k  jA  ^ 

W  «>,  Vfljy 

<  i*  »  .  4  >  1  * 

-.  .>  I'i*  !  5  «3.  •*  1  ^ 

f’,  > n  r-  ^  wi  -  j  o 


f: 


■o^ 

«-  »  -  %  « 


;  I  I 

■*•  ■:■ 

^  I  -• 


•'*  i--*  ,T 

1.  » 


-•?& 


I* 


e  2  f 

J'  f  t  f 

c  k.*.  a  o 

r«»  -k'  (\> 


*•« 


if  4 

**< 

rv 

o 

-o 

UJ 

O 

u, 

> 

■*f-w  .. 

.  33 

< 

..C' 

#v» 


o  ^ 

^  ~i 

S"  ^ 

I 


ev 

10 


k-, 

> 

'  -1 


( 


■i 


& 


O 

aiO 

4V 

U4 

U 

X  iiJ 

U4  < 

:H  5^ 

-  O 

A 

2k 


O 

X 

v.»» 

Q 


•< 


^  I5i 


194 


u 

Z 

3 


u  ^ 

-D.-2 

p  ^ 

V 


O 


O 


CD  ^ 

.>  .-  0) 
CO  —Cl 


5  D-  i  ^ 

-U  2  JiO- 

^  D-)-^ 


O  w 
(U 
C- 

0) 
o 

tn 


_C 

D. 

D 


o 

LO 


P 
> 
m  _C 
D 


C 

o 


u  Z 
^  D  u: 

”0  D 


O 

c 


o 


c 

D 


O)  1; 


U  "D 


> 

P 

"O 


c 

o 


o 


_C  p  ^- 
D_  -p  GO 


G  C 

0  -H 

i/y 


o 


> 

p 

~o 


p  c  ^ 
G  N 
D_  o  ^ 

b  — * 


O 

u. 

O 


c 

.9  Z)'' 

-Gi  ^ 
P 


"G 

_P 

a, 

E  ■ 

G 

LO 


O 

> 

i_ 

P 


CD 

o 

OO 

o 

o 

'p 

p 

p 

l-l— 

o 

o 

Z 

_p 

o 

X 

CO 

p 


•J:  •!-.  ^  4: 

CO  CO  O  00  On  CN  MD  O  O'  CN  'vj-  CO  CO  r— 
CN  CN  > —  CO  ■ —  CO  hx  O  r  -  o  CN  ■—  C  J  ■— 


OOCO'OCOLO'-- 

co  uo  CNi  ■--  ^ 


o 


CO 


o 


^  4:  4:  •}: 

O  CO  K  O  O  IT)  f-  K  f—  CO  N.  LT) 

O  r—  r-  o  CM  ■—  lO  CNi  r~  CN  O  O  O 


On  CO  CO  OD  t\  O 
r—  I —  r—  O  O  O 


oooooooooooooo 

III  III  III  I 


o  o  o  o  o  o 

I  I  I  I  I  I 


Ml-  o  t~  o  LT)  CN  LO  O  CO  CM  nO  LO  Ml-  o  CO  CN  -st'  K  nO  nO  nO 
OOOOOr—  Or—  r-'M-r-r—  r-r-r—  OCGOO---  ■— -OO 


ooooooooooooooooooocoooo 

I  I  I  I  II  III  I  I  I  I  I  I  I 


CM 

CO 

• 

o 


4j  4^ 

CN  IM,  O  CO  O  On 
CO  hv  On  O  On  C-*  C~J 


r-'  up  nO  O  NO  00 

On  r-  -  I — '  fM,  nO  CN 


nO  up  O  CM  CO  Mi- 
On  -o  CO  O  CO  IM 


o  o  o  o  o 


o 


o  o 


o  o  o 


o  o 


K  r\  ■— 
nO  CM  On 


cr'^  Mf-  o  CM  NO  OO  CO  up  CO  00  up  NO  IM,  CM  CO  CO  CM  CO  Cn]  LT) 
hx  CO  rM  CO  On  00  r—  CO  r—  O  nO  up  CN.1  CO  OO  up  IM  On  CO  nO 


OCMOOOOOOO 


O  r— 


o  o 


C'^  o  o  o  o  o  o 


CO  CO  o  CO  Mf  o  CM  O  N,  r-  o  IM  On  NON  up  NO  00  up  On  ;:n-  r- 

U-)  CO  CM  MT  r—  n-  o  O  O  On  CM  CO  Ml-  sO  CM  O  O  r—  CN  O'  CO  On 


Mf  CM  CM  CM  CNJ  CM  CN|  CM  CN  CM  CM 


CN  CM 


LC)  CM  CM  CM 


O  nO  Mj-  -N  0  ^  O  ■“  CO  OD 


nO  CO  CN  mT  r—  O  O 
r—*  CO  CM*  CM*  CM*  CM  CM  CN  CM  CN  CM  CM 


^N,orMrMC■;^srMM^oMi- 

O  icp  CM  ^  nO  OO  nO  cm  CO  ' —  ■ —  CO  O  On  cO 


CM  CM 


up  CM  CM  CM  CM 


O  ^  ^ 

Mr  N  I 
c;i 

MI- 


nO 

I 

On 


CM 

CO 

MT 

CM 

nO 

N- 

o 

OO 

On 

CO 

o 

On 

LT) 

CO 

NO 

o 

OO 

o 

IM, 

1 

I'M 

1 

CO 

1 

OO 

1 

On 

1 

1 

up 

1 

CO 

1 

On 

1 

•— 

r-“ 

1 

r— » 

1 

r— 

1 

o 

1 

o 

1 

Mj- 

1 

C'O 

1 

1 

1 

o 

nO 

iM 

CM 

O 

1 

iM 

1 

nO 

CN 

1 

up 

CN 

IM 

iM 

CO 

CO 

O' 

On 

up 

CO 

On 

O 

CN 

r— 

CM 

IN  ^ 
I  '  ' 

csi  no  rM 

c3  CM 


I  I 


CN 

CN 

1 

OO 

{ 

N- 

1 

lO 

1 

up 

1 

! 

PN, 

1 

Pm 

1 

IM. 

1 

Pm 

o. 

PN. 

nO 

nO 

nO 

nO 

nO 

nO 

4^ 

I  I 


4; 


I  I 


4: 

4^ 


I  I 


I 

IN 


n_ 


(/■j 

~o  — 

P  Cl. 

-I  - 

8-n^ 

i:  o 

X  CO 
UJ 


>  'j‘ 


?  a  s  y  ..^  ’3  .'■  ^2  :?  -  £  r^ '.  5^ 


b 


■  i!*- 


K5  3  ^  ^  - 


♦. 


i 

■^■t  I-, 


»• 

1—.  ,  I-,  5  -J  x.' 

rj  S--'^  *  •  '  '  >  n*  •  ''  »  u  - 


.i 


%  * '  •  • 


■J  •» 


',’  f  t’  .V  $ 


V;)  O 

r 


»  •  • 


^  t  V  't  V'  T  °  v-  ■?. 


- 1-  -• 

5-  o 


V  -•  O 

c  3 


o 

^O  3.  < 


1 1 


e-  ^  i?:  -iif -2  :-^  3.  12  .r  Ci  ^  01  §  - 


o  c:  ^  ^  o  .1*'  o 


.">  I  .  -i*  t>  o  C>  'v  o  o 

I  1  I  «  I  I  I 


-I  O  O  ^ 

»  .  #  •  ♦ 

O  O  U  p  Q 


C'  C.*  *— '  O  fji-  —  _  j 

I  4  I  I  t  It 


& 


f#-. 

o 


o  o 

I  I. 


"  '/*  V.'  *,  f  ■'  ^ 

I  t  I  '  v)*  *0 

•  •  '  *  *  -. 

•- .  c,3  ■  -  O  O  P 


♦  jl  -  •  ■ 

ys  ^  Ci  (St  r*  "I  >‘  . 


(r>  v» 

r  «  • 

—  o  o 


O 


o  o  P  o  c* 


♦i. 


‘  ** 

■  .St' 


L 


*  s  -1 s  a  4  ft  a;  s 

(  «.  •  t  r  •  «  « 

*  y  O  O  v"!  *^3  '?  ■• 


r"  c 

I  ,■*  • 

5  • 


■4  ‘  •  1  f->  — »  >1  >1 

•■■'I  -Jj  o»- 

<  »  • 

r  >  j  ^  C 


'c’W  H 

1 


I  J  ^ 

j  .  C' 


?  ■«  .-"t 
„  -  /^ 


f  i  'j  C'  £  ■;<  ^  •« 


*  «  » 

«• 


•  -  u  - 


.«  *v>  so  in  >0  1-3  i  J  »''  ^ 


■|  V 


V  '  V  .'I  O'  <*1,^  ^ 

/  .  I—*  t  *  I  -•.-»  •►1  oj  to  w  '  n .  C- 

♦  .V*  •  •  •  t  4  ♦  • 

•»  v^  .o  J-i  I  ?  OJ  — ’  t-’j  tO'  -• 


m  X  V 

,  ‘  t 


al  .10  O 


I-  >  so  >f7  t- 


f  » 

yj  K  K 


2r  ^  ^  ^  sr  A*  ■;  I 


-  M' 


t  « 


%  13^  2!  % 


-^v*^  '•  ••  "*  '  ■’  '■  '  ■■'< 

V  ,  :  ^  c^  i,  *-  ;'•  ^  >  &4  V 

--  *  -■-  v)  /*1  ^JV- 


•A  ^  <1j 

’  '  ■•  r 

J 


4  <  l' 


■  J 


^  "'  -  1  •  ■'  •  f ’  •'V  <-'l  -^t  ,<  I  ''1  ^  y  'i  xs 

>-  a  O-  I  >>  »>  O'  >■  Os  "V  ■>  O*  fl'  o  ^  > 


-  .  ,  <>'  r*>  i’*  ni  rn  to  V  < 

*  I  I  *■  1  T  T  r  ^  (  t  I  I  i  t 


t'  I 


cu; 

r 


i 


.r*t  ''**  M 
'} 
*j» 


*r  % 


fl'l  h: 

Si  I 


'  .5" 


8  <f  o 


4#-%  ^  — • 

7^  o  o~^  c 

-IIJ? 


3 

CL? 


31 


til 

#^  €V 


(i 

^  ^  •»« 
1?^  O  ^ 

2»  (i  *0 


I 

n» 


O' 


♦  * 


«  <j  o 


§  ~ 
J  4^ 


^  r  I  I 

fw  —  rv 


« 

o 


S 

5L 

o 

X 


ri4 

O 


^  ?-'i: 


:s 

c 


I  i 


MS 


Mir 


APPENDIX  E.  PEBBLE  COMPOSITION  OF  BULK  SAMPLES  OF  TILL  IN  UNIT  D 


195 


0) 

-I— 


Z 


t/> 

c; 


c 
a) 
E  o 


o 
o 
9.  Q 


o; 

Q- 


C 

o 

D 

u 


oj  '7^ 
c.  c 
O  0) 

Q)  ■_ 

D. 


_V 

8  p 

O  -O 
.~i  a) 
_Q 


c 

OJ 

u 

0 

Cl. 


u 

«  ^ 

_c 


13 

o  ~o 
0  c 

C  D 
D) 


CL 

O 

C 

0 

O 

K  CO 

rx 

O  CD 

CO  CN 

o 

00 

h 

D 

^- 

0 

(per 

75 

75 

o'  Q 

CD  Nl- 

CO 

UD 

o 

o 

Co’  C  O* 

OJ  CO 

CO  CO* 

CO 

^0 

N" 

o 

0 

4- 

*N 


Vw' 

D 

o 

o 

C'J 

CO 

-N- 

CO 

CD 

O  CO 

CT 

* 

• 

« 

» 

•  « 

o 

0 

c;  o 

o 

<M 

o 

IN 

O  O 

LC) 

IN 

vO  O'- 

_c 

Q- 

CN 

Ol 

O 

0 

N 

D 

G 


c 

o 

o 

s_ 

o 

c. 


o 


~o 

0 

"D 

D 


i_  0 

0  --  U 

“o  ^ 

I  -g  “ 

D  0.-5 

o 

u 


0 

CD 

C 

O  ' 

i_ 

0  . 

to 


o 

Z 

0 

6 

X 

.4— 

4/> 

0 


o  o 


o  o 


o  o 


nO  o 

r— 

-1-  + 


c 

o 

'-1- 

o 

0 

to 

1— 

0 

> 

Di 


D  r— 

CO 

CO 

CO 

K 

CC) 

IN 

O' 

OJ 

>  r-- 

—  f*~- 

IN 

CO 

Nt-* 

o' 

r— * 

CD* 

N" 

CO* 

CO 

)  r**- 

•O 

r-'- 

CO 

IN 

O 

O') 

r-* 

«  • 

• 

c 

• 

• 

8 

• 

« 

t 

■ —  I — 


c:> 

o  o 


c-^ 

CN  o 


CO  CO 

CN 

CO 

o 

CO 

OD 

CO 

t  c 

« 

c 

e 

« 

8 

CO 

CO 

CO  ’“<1* 

o 

CO 

OD 

C'D 

CO 

O 

CN 

O! 

r— 

1 — 

CN! 

CO 

CnI 

O  l\ 
CO  CN 


s> 

>— 
CN  CN 


O') 

-  O 


t-v,  <) 


O 

O 

CN 


K  CD 

to  N' 


O 

1 

o 

1 

CO 

CO 

1 

o 

o 

o 

r~- 

1 

o 

1 

OD 

CO 

N- 

r~' 

CO 

CO 

+ 

-1- 

+ 

+ 

+ 

+ 

+ 

+ 

D_  — 

E  ^ 

D  O 

£o  0 
0 

—  ..C 

_D  N-  O) 

7  ij  ,z  0 


'O 


tN 

CN  O 
CD 


r-  LT) 

•  C 

IN  O 


CN  CO 
O  C--, 
CO  O') 


CO  CO 
I  I 

N"  N” 
+  + 


Recast  analyses  excluding  local  bedrock  pebbles. 


-  '  tN 

v'  f'JJ 


a  O 
«•  • 

'Ci  ^ 


c.  t' 


vl  o«» 
o  -Sr 


O 

o  V 


lO  00 
•  * 

•.:■  52 

ir 


o  o 


o  cn 
•  • 

-'I 


CV  «> 

l.£ 

w  < 


<y  O' 
4  •►• 


3' 


'Xpi 

‘  ?  I 

isSi:^iie?i  O  M 

t  “V  ' 

_ 

,  .  V  t‘  -  - 

*  >*  ' 

*•  ' ; . 


*•■ 


s*  ^ 

<? 

- — .  <0* 


.?>  n 

V 

;ii9 

-* 


•*  fU 

»  ». 

r\* 


o  V 


o  c> 


>o 
O  lo 


#  ^ 


>1  <.‘9 
•  .< 

‘.  y  I 


f  •  fM 
•  ♦ 

.> 


(•'  lO  !>• 

•  «  ^  ^  ♦  ♦* 

:in 


»> 


fj  »o. 
«  -  •" 
O  O' 


W  ) 


t 


♦'  * 


*_:  o  Q 

•  • 

5£  Op 

O 

o  b  *'  ^  ^ 

—1^00 

os  ^ 

V 

•  i  c»  ^  I 

ci 

Q 

io  o  o  o 

*  o 


.  ^  -j  ^r 

►  »  ♦ 


Ok  g, 

£  ^2; 

*  y  4  + 


g 

(? 


o 

< 

so 


Number  of 


196 


in 

0) 

-t- 

D 

C 

O 

L- 

D 

U 


m 

(D 


_o 

O 
Q 

CD 
c 
o 

.'f— 

in  O 

E  o 

O.. 


0.) 


D 

"o 

o 

c 

0 

o 

O 

v_ 

0 

O 

_l 

"O 

0 

X.' 

t- 

0 

C- 

o  o 

25. 

0 

u 

be 


D 

o 

0 

"D 

C 

CL 

i_ 

O 

c 

0 

O 

X-  X- 

o  o 

O 

CN 

o 

O 

C 

D 

E 

• 

•  t 

• 

c 

• 

« 

CD 

o 

•j- 

0 

0 

CL 

CO  CO 

CO  CO 

lO  O 

X'  o 

o 

LO 

X- 

o 

o 

Lr3 

o 

LO 

E 

0 

■+- 

*N  "no 


*X3 

0 

-o 

O 


"9  X 

"0 

o 

o 


0 

D) 

C 

2'e' 

0  E 

N 


1/3 


O 

z 

_0 

o 

X 

■I  ■ 

i/) 

0 

I — 


o  o 


O  )  CO 

C'j  O'; 
CO  CO 


o  r\ 

uo  o* 


o  o 


r--  OD 

o’  tx 


O  '<■ 
CN  Co’ 


(X  o 

CN 


c 

o 

O 

Z) 

u 

o 

rx 

O 

CO 

O' 

s_ 

« 

• 

« 

o 

0 

o 

o 

to 

o 

-64 

r»*' 

u. 

o 

0 

O' 

•I — 

c 

N 

0 

L 

o 

CO 

C'-.; 

o 

o 

CO 

D 

• 

• 

• 

• 

o 

D 

0 

CO 

CO 

C3 

o 

o 

CM 

o 

CL 

CO 

CO 

CN 

CN 

I--* 

CO 

■a 

CO 

o 

o 

CN 

CN 

CO 

8^ 

CN 

1 — 

Cj 

X 

CN 

O 

CN 

r**- 

o 

o 

o 

o 

r— . 

r-"- 

CO 

CO 

1 — 

1 — 

CO 

o 

o 

1 

I 

1 

X- 

1 

O 

ND 

1 

1 

I 

r~— 

00 

00 

X- 

r—“ 

r— 

CO 

CO 

X' 

-l- 

1 

~r 

+ 

_L 

t 

-T- 

+ 

+ 

+ 

+ 

H- 

-f 

0 


>S 

_Q 


o_  — 

E  ^ 

D  2 

CO  U 
(D  vp 

--  -t: 

JO  UO  O) 
..Q  o  •- 

'  0  o  ^ 

!o  ^ 


o  o 


o  o 

o'  o* 

O  LO 


o  o 


o  o 


o  o 


K.  LO 

ob  o’ 


N.  LO 
CO  o* 


-St 

K  O 


00  O 

•  • 

lx  CO 

'=T  uo 


lx  LO 

•  « 

cc  o 


lx  LO 

•  « 

CO  o 


>- 

C1.-Q 

o  5 


0 


_o  d- 

JO  00 
Cu.  CO 


-t- 

O  — O 


rx 

I 


o 

*0 


O  CN 

*  • 

lO  o 


IX 

oo’ 


o 

CO* 


X- 

LO 


CO 

o’ 


CN 

o’ 


_ +4-8  _ _ 7^6 _ 8^4 _ 66.,  4  0 _ 10.7 

Re  cost  analyses  excluding  local  bedrock  pebbles.  '  ’  ^  ~ 


'  ‘ 


Or* 


.  1 
I  • 

:)  Co 


O* 

-3  v'-» 


jrr  '' 

*v 


■3^ 


O 


w 


X 


'• 

n 

*4 

r*' 


o‘- 


r’f 


*  « 

■-•  Cj 


o  c> 


■r  1  -• 

V(  1  Cjr* 


rw  -  I 

O  \n 


<9  0  Vo* 

r  •  •  % 

O  O  f*-' 

0» 


s4k 

"t 

-V 

»-r  >1  O  O 


O  oe 


•■>  o 

«  • 


VO  o 

's.  • 


fV 

« 

•c-  CO 

•~1 


Oi  •> 

!♦  N 

OO  ',>3  •' 


r»>  -ri 

«  • 

o 


1  •  •jl 

♦r>  ■<> 


.»*  . 
t  j  Ir-O 


I/- 

•l'  P 
.-I  ft 

•  -  I-  3 


P,<> 

«  •"»  H-H 


^*<1  o 

t  • 

»>  fM 


p  o 


o 

O  <V 

VO 


o  o 


-rl  O 


o 


O- 

^  «0 

I- 


§ 

< 


Carbonates 


197 


</) 

D 

o  -o 
o  c 
c  u 

D) 


CL) 

•)-  c: 
o 

h  u 

_o  , 

o 

o 


0) 

c 


0 

CL 


o 

0 

o  o 

O  CO 

CN 

'O 

to 

o 

«  • 

«  * 

• 

• 

0) 

o  o 

r\  (N 

C^5 

CO 

E 

0 

CO  o 

r—  cx 

“ 

*3 

“  o 

8  2 
O  TJ 
0 


u 

Ic 


a. 

o 

c 

0) 

o 

Nj- 

N- 

r~—  O'- 

E 

D 
■  1  '  ■ 

u. 

o  o 

o’ 

CO 

«  « 

N-  CN 

(D 

CN 

N- 

'T  O 

0 

0  -xr- 

.■t:  c 

N  0 

U 

D  !- 
0  0 

G  3 


o 

to 

b  -9  • 

-o  _a 

F  -Q 
b  ^ 

Z 


~o 

0 

■o 

D 

U 

X 

0 

D 

O 

U 


0 

V) 

c 

D  • 
s_ 

0  . 
N 

In 


o 

Z 

_0 

o 

X 

-4— 

I/) 

0 


o  o 


o  o 


o  o 


CN 


o  o 
T  + 

0 


o  o 


O'  r- 

*  • 

uo  o 


CO  CN 

•  • 

■—  00 


N. 


„  bv 

0--Q 

§  ^ 

o  - 


0 


_o 

_Q 


CO 

I 


^  U) 
'O  •- 


CO  Cn 

•  t 

CO  tN 


O 

O'J 

o 

• 

• 

• 

o  o 

CO  O 

o 

CC) 

CO 

O  fN 
>  » 

r~  uo 


U")  CN 
CO  t\ 


K 

CN  CO 


o 

o 

CO 

1 

CO 

1 

1 

CO 

CO 

1 

N' 

1 

Nj- 

+ 

+ 

+ 

+ 

0 

.o 

l-Q 

0 

CL 

N 

O 

o 

"O 

0 

_o 

D 

O 

O 

D) 

C 

“O 

o 

X 

0 

tjO 

0 

ir> 

D 

C 

D 


D 

O 

0 


4  * 


(.  f  Ctt 


•'^1 


Cj 


i  'J 

.'3 


rlt  > 

•  ^ 

r*  - 


o 


n 


-j  ;•> 


'j 


o 


•I 

* 


>3  v3 

i  * 

«?.  «*■ 


M 

>J 

u 

14 
»'  - 


Mkjdbi 


Ci  o 


•»  ♦* 

>t  "W 

♦o  -  . 


r? 

!>» 

>» 


-d'v 

K> 


-«  <» 


*•<1  o» 


F>  •* 


h  •' 


•4  ^ 


i>  o 


4  » 

/*' 


o  o 


<i  «V- 


o. 


Q' 


-  *» 


P  <5 


U:-  O 


^  .:si  .1* 


ar 

If 


4» 

^  §- 


i*' 


o  o 

•  V 


-»  o  . 


i  i 


1  s 

a 

.Sv  «  •»• 


& 


U 


^  au 

.•3  ia 

^  6 


y§ 


5  8  5 


•> 
•->  I 


■a 

'4 

u 


4  ^ 

^  a- 


O 


?l 


w 
!f 
^  q 

I  *  ♦ 


■t  I:  I 


3 

H 

ru 


o' 

X 


A> 

<* 


198 


appendix  F.  carbonate  content  of  the  SURFlCiAL  DEPOSITS 


TILL  OF  UNIT 

B  (-200  mesh) 

Test  Hole  No. 
and  depth  of 
sample  *  below 
surface 

Percentage 

dolomite 

Percentage 

calcite 

Percentage 
total  carbonate 
(average) 

RS;  5T 

2.2 

2.2 

0.7 

0.7 

2.9 

67-1;  60’ 

1.7 

1.2 

1.0 

1.4 

1.7 

67-2;  n6'-120 

.  1.1 

1.  1 

1.0 

0.7 

2.0 

67-3;  79' -S3' 

2.8 

2.6 

0.8 

0.5 

3.4 

67-4;  80' 

3.9 

3, 6 

1.5 

1.7 

5.4 

67-5;  114'-118' 

3.1 

2.4 

1.5 

1.9 

4.5 

67-6;  94' 

3.9 

3.  1 

2.0 

2.5 

5.8 

67-8;  135'-141' 

3.4 

2.8 

1.5 

1.8 

4.8 

''Duplicate  runs  were  made  on  each  sample. 

TILL  OF  UNIT  D  (-200  mesh) 

Test  Hole  No. 

and  depth  of 

Percentage 

sample*  belov/ 

Pe  rcentage 

Percentage 

total  carbonate 

surface 

dolomite 

ca  Ici te 

(average) 

2.5 

1.5 

RS;  39' 

3.2 

1.1 

4.  1 
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61 -1)  74' -78' 

4.  1 

3.4 

1.5 

2.1 

5.6 

67-3;  63' -64' 

3.4 

2.7 

1.5 

1.8 

4.7 

67-4;  72’ 

3.8 

3.4 

1.7 

2.1 

5.5 

67-7;  100' 

3.3 

3.  1 

1.4 

1.4 

4.6 

67-8;  90' 

3.8 

3.5 

2.2 

2.2 

5.9 

*Dup!icaie  runs  were 

made  on  each  sample. 

UNIT  E  DEPOSITS  (-200  mesh) 

Test  Eiole  No. 
and  deplh  of 

Percentage 

sample*  below 

Percentage 

Percentage 

total  capDonate 

surface 

dolomite 

calci  te 

(average) 

RS;  12' 

6.9 

7.0 
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3.7 

10.8 

RS;  31' 

3.2 

3.0 
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0.9 
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19.0 

67-3;  19'-20' 
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67-3;  44' -40' 

3.2 

3.3 

67-4;  25' 

7.6 

7.2 

67-4;  48' 

5.6 
5.  1 

67-4;  64' 

3.4 

3.7 

67-5;  54' 

3.3 

3.2 

67-5;  60' 

6.  1 
5.9 

67-6;  27' 

5.3 

4.5 

67-6;  42' 

3.  3 
2.8 

67-6;  50’ 

2.3 
2.  1 

67-7;  i8' 

7.5 

7.7 

67-7;  40' -46' 

9.3 

9.4 

67-7;  60' -64' 

5.7 

5.8 

67-7;  89' 

3.0 

3.0 

67-8;  25' 

7.  1 

6.  1 

67-8;  66' 

3.5 

3.0 

1.2 

1.0 

4.4 

7.0 

7.2 

14.5 

2.7 

3.1 

8.3 

1.9 

1.4 

5.2 

1.4 

1.4 

4.7 

5.7 

5.7 

11.7 

3.  1 

3.7 

8.3 

3.2 

3.2 

6.3 

1.4 

1.5 

3.7 

7.3 

7.5 

14.0 

4,7 

4.6 

14.0 

3.2 

3.1 

8.9 

1.4 

1.4 

4.  4 

9.5 

10.5 

16.6 

2.9 

3.0 

6.2 

*Dupiica1'e  runs  v/ere  made  on  each  sample. 
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UNIT  f-  DEPOSITS  (•-200  mesh) 


Test  Hole  No. 
and  depth  of 
sample*  below 
surface 

Percentage 
dolomite  • 

4.2 

PxS;  4' 

4.2 

0.0 

67-2;  O' -4' 

0.0 

3.9 

67-4;  0'-5' 

3.8 

8.6 

67-5;  25’ -30' 

8.6 

6.8 

67-6;  0'-5' 

6.  6 

0.0 

67-7;  0'-5' 

0.0 

8.5 

67-8;  7' 

8.0 

*Duplicate  runs  were 

made  on  eac 

Perceniage 

Percentoge 

total  carbonate 

calci  te 

(average) 

1.1 

1.2 

5.4 

o  o 

0.6 

61.2 

16.2 

20.1 

7.0 

6.7 

15.5 

12.1 

12.  1 

18.8 

0.5 

0.7 

0.6 

9.3 

9.9 

17.9 
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APPENDIX  G.  TILL  FABRIC,  NORTH  SASKATCHEWAN  RiVER  SECTION 


ORIENTATION  AND  PLUNGE  OF  LONG  AXES  OF  TILL  STONES 


IN  UNIT  D 


Azimuth* 

Pluncje  anoie 
(degrees) 

Azi  rnutlf’ 

Plunge  arigle 
(degrees) 

137 

12 

197 

01 

036 

07 

201 

15 

107 

05 

170 

03 

327 

10 

091 

19 

199 

15 

341 

05 

112 

06 

092 

30 

041 

14 

021 

19 

083 

15 

092 

26 

307 

06 

027 

24 

166 

10 

101 

04 

038 

17 

003 

07 

048 

07 

018 

02 

014 
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05 

005 

02 

325 

08 

346 

11 

047 

00 

027 

06 
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02 

240 
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23 
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01 
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03 
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14 

233 

35 

222 

21 

238 

24 

194 

06 
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16 
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28 
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00 
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02 
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00 
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21 

200 

46 

*ln  direction  of  plunge. 
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APPENDIX  1.  BAIL  AND  PUMPING  TEST  DATA 


BAIL  TEST  NO.  1*  ™  OBSERVATION  V/ELL  NO.  1 
TlME~DRAVVDOV/N  DATA 


Time  since 

bai  ling  started 

Drawdown 

t 

s 

(rni  nutes) 

(feet) 

0 

0.00 

1 

0.01 

2 

0.04 

3 

0.07 

4 

0.08 

5 

0.13 

6 

0.15 

8 

0.20 

10 

0.23 

12 

0.27 

15 

0.30 

20 

0.35 

25 

0.39 

30 

0.41 

37.5 

0.  47 

40 

0.48 

45 

0.49 

50 

0.51 

55 

0.52 

60 

0.54 

70 

0.55 

80 

0.59 

90 

0.61 

*Bailing  Rate  =  20  igpm 
Bailing  Pumping  V7ell 
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BAIL  TEST  NO.  1*  OBSERVATION  WELL  NO.  ' 

TIME-RECOVERY  DATA 

1 

1  ime  since 

Time  since 

Residual 

bailing  slarled 

balling  stopped 

dravv'dov/n 

t 

t' 

t/f 

s' 

(minutes) 

(minutes) 

(feet) 

90 

0 

0.61 

91 

1 

91 

0.60 

92 

2 

26 

0.59 

93 

3 

31 

0.57 

94 

4 

23.5 

0.54 

95 

5 

19.0 

0.51 

96 

6 

16.0 

0.48 

98 

8 

12.25 

0.44 

100 

10 

10.0 

■  0.41 

102 

12 

8.5 

0.37 

105 

15 

7.0 

0.31 

110 

20 

5.5 

0.29 

115 

25 

2.6 

0.26 

120 

30 

2.0 

0.23 

126 

36 

3.5 

0.22 

130 

40 

3.25 

0.22 

140 

50 

2.8 

0.20 

150 

60 

2.5 

0.  18 

*  Balling  Rale  =  20  igpm 
Balling  Pumping  Weil 
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10 
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30 

35 

40 

45 

50 

55 

60 

70 

80 

90 

100 

no 

120 

135 

150 

180 

210 

240 

300 

360 

420 

480 

540 

600 

720 

840 

960 
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PU.NAPING  WELL  71ME-DRAWDOWN  DATA 


Drawo'ovvTi* 

s 

(feet) 


Discharge 

Q 


F^e  marks 


0  Start  pumping  test 


33.55 

73.0 

35.35 

72.0 

35.25 

71.1 

35.85 

71.1 

36.15 

73.0 

37.00 

71.1 

37.00 

71.1 

37.95 

71.1 

39.35 

78.3 

39.  90 

78.3 

40.10 

78.3 

40.85 

78.3 

70.75 

79.  4 

41.05 

78.3 

41.15 

78.3 

41.15 

78.3 

41.20 

78.3 

41.20 

76. 1 

41.55 

78.3 

41.50 

77.1 

41.25 

77.1 

41.45 

77.1 

41.59 

77.7 

41 . 60 

77.  1 

41.75 

77.1 

41.50 

77.1 

41 . 45 

76.1 

41.50 

77.1 

41.75 

77.1 

41.89 

75.0 

42.25 

75.0 

41 . 95 

75.0 

42.15 

76.1 

42.70 

76.1 

42.50 

77.  1 

43.70 

79.4 

44.80 

79.4 

43.75 

76.1 
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Time  since 
pumping  began 
t 

(minutes) 

Drawdown* 

s 

(feet) 

Discharge 

Q 

(igpm) 

Remarks 

1200 

43.75 

77.1 

1420 

- 

78.8 

1440 

45.30 

78.3 

1680 

43.90 

76.1 

1920 

43.70 

75.0 

2160 

44.50 

78.3 

2400 

44. 90 

78.3 

2760 

45.55 

77.7 

3120 

44. 70 

75.0 

At  1430,  78.  3  Igprn 

3630 

43.45 

At  2000,  78.  3  igpm, 

stop  puniping 

*NonpurnpIng  waier  level  =50.45  feer 
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PUMPING  WELL  TIME-RECOVERY  DATA 


Time  since 

Time  since 

Residua! 

pumping  began 

pumping  stopped 

drav/down* 

t 

t' 

t/t' 

s' 

(minui'es) 

(minutes) 

(feet) 

3630 

0 

3631 

1 

3631 

3632 

2 

1816 

- 

3633 

3 

1211 

- 

3634 

4 

908.5 

4.65 

3635 

5 

727 

4.60 

3636 

6 

606 

4.50 

3638 

O 

o 

455 

4.33 

3640 

10 

364 

4.21 

3642 

12 

304 

4.07 

3645 

15 

243 

3.95 

3650 

20 

183 

3.  /6 

3655 

25 

146 

3.64 

3660 

30 

122 

3.53 

3670 

40 

92 

3.32 

3680 

50 

73.6 

3.  19 

3685 

55 

67.0 

3.15 

3690 

60 

61.5 

3.08 

3700 

70 

52.9 

2.97 

3710 

80 

46. 4 

2.88 

3720 

90 

41 . 3 

2.83 

3730 

100 

37.3 

2.79 

3750 

120 

31.3 

2.64 

3765 

135 

27.9 

2.57 

3780 

150 

25.2 

2.52 

3810 

180 

21.2 

2.39 

3820 

210 

18.3 

•  2.31 

3900 

270 

14.4 

2.17 

4360 

730 

5.97 

1.57 

4403 

773 

5.70 

1.49 

4650 

1020 

4.56 

1.44 

4670 

1040 

4.49 

1.43 

5725 

2095 

2.73 

.94 

5920 

2290 

2.59 

.87 

'Nonpumping  water  level 

=  50.  45  feet 
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OBSERVATION  V'/ELL  NO.  1  TIME-DRAWDOWN  DATA 


Time  since 

Time  since 

pumping  began 

Drav/dov/n 

pumping  began 

r.)rawdov/n* 

t 

s 

t 

s 

(minutes) 

(feet) 

(minutes) 

(feet) 

0 

0.00 

no 

2.47 

1 

0.00 

120 

2.53 

2 

0.05 

135 

2.62 

3 

0.16 

150 

2.68 

4 

0.28 

180 

2.78 

5 

0.41 

210 

2.88 

6 

0. 5 1 

240 

2.97 

7 

0.61 

300 

3.14 

8 

0.69 

360 

3.27 

9 

0.77 

420 

3.36 

10 

0.83 

480 

3.45 

12 

0.93 

540 

3.54 

15 

1.09 

600 

3.62 

20 

1.29 

720 

3.80 

25 

1.45 

840 

3.99 

30 

1.58 

960 

4.04 

35 

1.69 

1200 

4.21 

40 

1.78 

1440 

4.37 

45 

« 

GO 

1680 

4.48 

50 

1.94 

1920 

•  4.52 

55 

2.00 

2160 

4.60 

60 

2.07 

2400 

4.70 

70 

2.18 

2760 

4.85 

80 

2.27 

3120 

4.87 

90 

2.34 

3600 

5.12 

100 

2.41 

*Noripumping  v/ater 

level  -50.91  feet 

t  r? 


-  ■  ^ 


r.'  f  C-.  wi , 


,  .1  ,Ovt  JJ*'' 


« 


.w  -  »;  ■  .•■  i 

I 

...  ■.Tfft'i 


e*ai{T 

♦ 


/ 


I 


J 


f 


»  • 


•' 


\  i 


«!c 


1^/- 

^  -i 


V 


I. 


;is 


t 


I— » 


jt 


tt  - 


c^£( 

—  .#4 

t'i£ 


aiN& 

0^ 

O  •  ‘ 
1 


/'o^'T  I 


i-''if. 

t^'  iv:  . 


’y  ^ 


-  '  .") 

'  '  '  ,t) 

. :  =i' 

:,  '  r  :  ii  U 

.‘J 

If^  0 
(ffe.s) 

.  ■  U.0 

'  ■  '  '  ?>^  .0 


.1 

;  ».  f. 

J.J.i 

;a  f 

••  J 


ii .  '-: 

':  ■' .  X: 

i>.s 


0 

f 

s: 

e. 

V 

e 

y> 


V 

Gf 

cr 

!( 

O'C 

e? 

OG 

Olv 

:e 

e^a  - 

O') 

0\. 

OB 

OV< 

OOf 


> 

I 


i 


OBSERVATION  WELL  NO.  2  TIME-DRAWDOWN  DATA 


Time  since 

Time  since 

pumping  began 

Drawdown''' 

pumping  began 

Drawd  own'’= 

t 

s 

t 

s 

(minutes) 

(feet) 

(mi  nutes) 

(feet) 

0 

0.00 

120 

0.71 

1 

0.00 

135 

0.78 

2 

0.00 

150 

0.84 

3 

0.00 

180 

0.  97 

4 

0.00 

210 

1.07 

5 

0.00 

240 

1.15 

6 

0.00 

300 

1.32 

7 

0.00 

360 

1.45 

8 

0.00 

420 

1.55 

10 

0.00 

480 

1.64 

12 

0.005 

540 

1.74 

15 

0.015 

600 

1.83 

20 

0.045 

720 

1.97 

25 

0.08 

840 

2.11 

30 

0.115 

960 

2.22 

35 

0.15 

1200 

2.37 

30 

0.20 

1440 

2.51 

45 

0.245 

1680 

2.64 

50 

0.285 

1920 

2.72 

55 

0.325 

2160 

■  2.80 

60 

0.36 

2400 

2.88 

70 

0.425 

2760 

3.03 

80 

0.49 

3120 

3.11 

90 

0.55 

3430 

3.16 

100 

0.60 

3607 

3.23 

no 

0.65 

3630 

3.24 

■'•Nonpumping  v/arc-r 

Nevel  -•=55.59  feet 
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OBSERVATION  V/ELL  NO. 

3  TIME-DRAVVDOV'/N  DATA 

Time  since 

Time  since 

pumping  began 

Drawdown* 

pumping  began 

Drawdown* 

t 

s 

t 

s 

(minutes) 

(feet) 

(rni  nutes) 

(feet) 

0 

0.00 

120 

1.30 

1 

0.01 

135 

1.38 

2 

0.01 

150 

1.44 

3 

0.01 

180 

1.55 

4 

0.04 

210 

1.64 

5 

0.04 

240 

1.74 

6 

0.06 

300 

1.88 

7 

0.07 

360 

2.00 

8 

0.11 

420 

2.10 

10 

0.16 

480 

2.  18 

12 

0.21 

540 

2,25. 

15 

0.28 

600 

2.34 

20 

0.34 

720 

2.48 

25 

0.45 

840 

2.61 

30 

0.54 

960 

2.73 

35 

0.62 

1200 

2.87 

40 

0.69 

1440 

3.05 

45 

0.76 

1680 

3.  14 

50 

0.79 

1920 

.  3.24 

55 

0.87 

2160 

3.34 

60 

0.90 

2400 

3.43 

70 

0.99 

2760 

3.57 

80 

1.07 

3120 

3.63 

90 

1.14 

3600 

3.83 

100 

1.21 

3630 

3.83 

110 

1.26 

'Nonpumping  water  level 

1  --  51 . 29  feet 

X 


;  .M 


I 

s 

»i  -t 

HJ? 

% 

K.i 

r</. 

;ii, 

w.>; 

.c 

's^,e 

.‘"vS.r, 

19X' 


v:.vAjiia-V''fr 

.w.ii.  *!--rf 

^  »  .  .  <  V  ‘  • 

'■  ♦ 

» 

> 

.•OA«<  ^«T»rT  ■": 

A 

i''  Xu  Qr»Iq<i^fci| 

t' 

(“,F 

00;rt 

-/r 

10  m 

r 

r  10,0 

s 

vur 

c 

jic 

Kn  jj 

?  .1 . 

OC£ 

.■■:  n 

'■^1 

Mr.  »3 

-'•. 

11,0 

3  ^ 

r.o 

JC 

•  ■  .0 

£1  .  ^ 

r.,*') 

^',0 

sr 

•'T.C 

«  0£ 

'  •  ’  # 

y  .■> 

m 

i-'oy 

‘  0 

m  oi 

■’  .’S  ■: 

)X 

mt  ■•»  ■ 

jMf. 

v«.« 

n# 

?> 

■  r 

1 

.,.,...0 

.( 

i?0 

1  . 

■'  '.0 

*'  f 

03^ 

'  '  ,1 

Oft 

O.-f:*': 

i:;r 

OOf 

v^r 

O'r 

i  .-.rr  •  r^y  • 

•> 


) 


